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DARE WE BUILD THEM? 


IANUFACTURING NUCLEAR FUEL RODS 


The Championship-winning Eagle Talon TSi AWD. 
Exclusive tires: Goodyear Eagle "Gatorback" street radials 


The Eagle Talon TSi AWD. 
Exclusive tires: Goodyear Eagle GT + 4 all-weather performance radials. 


E А G L E S. 


Both of these Eagle Talons get their 
grip from one, and only one, make of tires: 
Goodyear Eagle street radials* 


When the Eagle 
Talon was designed, 
its engineers cut no 
corners. 

Hence the fact that 


every new Eagle Talon A Goodyear Eagle 
TSi AWD comes on E Cie d ciii acil 
Goodyear Eagle GT--4 жашап, 
high-performance radials. Exclusively. 
Which is one of the reasons the Talon 
handles so well. Especially in the corners. 
In fact, in independent testing, the Eagle 
Talon TSi AWD out-performed its competi- 
tion. And, in the slalom, it performed 
virtually the same in the wet as in the dry. 
Credit its fully independent suspension. 
Its quick-ratio steering. Its all-wheel drive. 
And its all-weather Eagle GT--4 radials. 
The race-prepared Eagle Talons of Bobby 
and Tommy Archer also use just one make 
of tires: Goodyear Eagle street radials* 
And in 1989, the Archer brothers won the 
SCCA Endurance Championship. 
All of which helps to prove there really is 


a difference in performance tires. 

And that difference is a major reason why 
these Eagle Talons get their grip from the 
Goodyear Eagles. Exclusively. 


*Tires shaved to racing depth. Before you race on Goodyear street 
radials, write The Goodyear Tire & Rubber Company, Р.О. Box 9125, 
‘Akron, Ohio 44305 for preparation recommendations and procedures. 


GOODSYEAR 


The best tires in the world have 
Goodyear written all over them. 


WE MAKE EARNING MONEY FOR COLLEGE 
AN EDUCATION IN ITSEL 


How does earning over $18,000 for college sound? Thats what you can get if you qualify for 
the Montgomery GI Bill and add that to your pay during a standard enlistment in the Army Reserve. 

You can get help in paying off some or all of a qualified student loan, too, through the Student 
Loan Repayment Program. And, while you're getting help with college costs, you'll get a chance to 
train in a useful skill. 

You serve part-time, usually one weekend a month, plus two weeks a year. So you can continue 
your education and pick up some valuable lessons from us. The kind of education that comes from 
experience. 

Think about it. 

Then think about us. 

See your Army Reserve recruiter today. Or call 1-800-USA-ARM Y. 


BE ALLYOUCAN ВЕ: 


ARMY 
RESERVE 
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Next generation С 


nuclear reactors 


The debate over nuclear power 
has become more turbulent and 
complex than ever as the threats 
of global warming and an energy 
crisis loom closer to reality. Many, 
both in and out of the industry, 
favor a new generation of safer, 
simpler, more economical reactors. 
Many environmentalists remain 
skeptical. 


APRIL 1990 


Founded in 1872 / Vol. 236, No. 4 


A 1970s econocar that evolved 
into a family sedan, the Honda 
Accord was America’s best-sell- 
ing car of 1989. But 1990 
brings fresh competition, with 
technological advances in the 
Hyundai Sonata, Mitsubishi 
Galant, Nissan Stanza, and 
Subaru Legacy. 


Safer takeoffs _ > 


Pilots continue to rely on their 
instincts to make split-second 
takeoff and abort decisions. To 
help reduce accidents, NASA re- 
searchers have come up with a 
computer system designed to mon- 
itor takeoff performance. 


With ordinary semiconductor chip 
capacitors, a loose AC plug or 
weak batteries may cause hours 
of work to disappear. But new in- 
tegrated circuits that use ferroelec- 
tric ceramics can store data for 
more than 10 years even after 
power is turned off. 


WHAT'S NEW DIGEST....15-23 


SCIENCE AND TECHNOLOGY 
What's new... ьа, ME 
Science newsfront ................... 25 
Next generation nuclear 
reactors—dare we build 


We need safer, smaller, 


simpler reactors ................... 76 
Memory chips that don't 

ат REEL 96 
Hello satellite, 

get me central ..................... 96 
COMPUTERS 
AND ELECTRONICS 
What's new electronics ........... 20 
Electronics newsfront .............. 41 
World without wires .............. 100 
CARS AND DRIVING 

, 

What's new сатз.....................18 f 29 
Car test: 


compact sedans grow up ..... 80 
“Say, Smokey—" ..................... Tio 


RECREATION 
What's new recreation ............ 23 


HOME PRODUCTS 
AND TECHNOLOGY 
What's new home ..................17 
What's new tools ................ 22 
Home newsfront ...................... 46 


A house for all seasons ...........94 
Decks that solve problems .... 104 


ADDITIONAL FEATURES 

What's news wo E 
Readers talk back ..................8 
Product inf : 127 
Looking back . . 128 


COVER PHOTO BY 
ED HAHN/ARGONNE LABORATORY 


POPULAR SCIENCE APRIL1990 | 3 


What's News 


story is really two issues converg- 

ing: our future energy needs and 
the future of our environment. But 
that is putting it mildly. Let me re- 
state it with the urgency that I think 
appropriate: an impending energy cri- 
sis and the potential catastrophe of 
global warming. 

Our energy consumption is outpac- 
ing our capacity to generate it. En- 
ergy conservation—even if we were to 
redouble our present efforts—will 
carry us just so far. Sometime in the 
near future we need to bring new en- 
ergy sources on-line. Our current 
mainstays—fossil fuels—are too dirty, 
even with the best scrubbing technol- 
ogy. Clean sources—solar, wind, and 
other so-called alternative methods 
—would obviously be preferable. Un- 
fortunately, our development of non- 
polluting, renewable energy sources 
has been halfhearted. That leaves 
only nuclear energy as the remaining 
option. And we all know how fright- 
ful an option that has become. 

But there is a new wrinkle in nu- 
clear energy. In fact, six new wrinkles, 
as Science and Technology Editor 
Arthur Fisher points out in his report 
on next generation nuclear reactors. 
On paper, at least, these advanced nu- 
clear reactor designs promise the sim- 
plicity, safety, and economy that have 
been among the major problems of our 
nuclear experience to date. 

Should we build these new age nu- 
clear plants? “Yes” say the likes of MIT 
President Paul Gray who calls for a 
billion-dollar investment in research 
and development. “No” say leading en- 
vironmental groups, such as the Si- 
erra Club, who distrust nuclear en- 
ergy in any shape or form. We think 
the nuclear option needs to be elevated 
above emotionalism and advanced be- 
yond historical problems. Certainly, 
there are controversial questions that 
still need answers. For instance, no 
one has yet come up with a safe way 
to dispose of radioactive waste. This 
is a problem regardless of reactor type 
—new as well as existing designs. 

Perhaps the 30-year-old dream of 
cheap, clean nuclear power needs to 
be abandoned. Before it is dismissed 
out of ignorance, however, the nuclear- 
energy option at least needs to be con- 
sidered in the light of newly availa- 
ble technology. 

We think you should also have an 


Т: story behind this month's cover 


opportunity to be heard on this issue. 
We urge you to read this story and 
then call our special telephone-poll 
number on page 77 to voice your opin- 
ion. The issues in question are not 
simple ones. But they are crucial. And 
we think you should be heard. 


в this issue was going to press, 

the wreckage of a fatal plane 

rash—Avianca Flight 52—was 
still being sorted in a residential sub- 
urb near New York City's John F. 
Kennedy International Airport. Leav- 
ing 73 dead, this disaster was tragic 
punctuation to the recent Flight 
Safety Foundation report that de- 
clared 1989 the worst year in two dec- 
ades for fatal airline accidents in the 
United States. What can we do about 
the dangers of crowded skies, an ag- 
ing fleet, human errors, and other per- 
ils of commercial air travel? Senior 
Editor John Free reports on one prom- 
ising development from NASA's 
Langley Research Center—a cockpit 
monitoring system that, in effect, 
serves as a computerized copilot on 
takeoffs. 

Though it hits at only one of myr- 
iad problems that airline pilots—and 
passengers—encounter, this go/no-go 
warning system is a welcome aid. 
“Jetliners are decidedly low-tech un- 
til they are airborne,” Free notes. This, 
sadly, may not change soon. Even with 
aircraft manufacturers working on 
similar systems, years of testing re- 
main ahead. 


omething that is available right 

now, Free tells us, is a remarka- 

ble new generation of computer 
memory chips that never forget. Non- 
volatility in silicon solves many prob- 
lems, most immediately the disappear- 
ing act that computer information 
performs when the power goes down. 
But it also opens up new applications, 
such as replacing magnetic media for 
information storage and retrieval— 
and not only in computers. Suggesting 
the likes of answering machines with- 
out tapes, and audio systems without 
CDs, Free predicts “your closest en- 
counter with ferroelectronics may be 
with your ears." 


ML 
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It doesn't sound like much of a challenge if 
you're not into fishing. But if you play this glorified 
game of hide-and-seek long enough, you learn to respect 
the cunning of the opposition. And if you’re smart, 
you own a Johnson® outboard. 

Why? Because a cagey fish has several 
ways of taking your outboard out of the game. He 
can cause the water intakes on your outboard to ' + 
plug by hiding in the weedy shallows. He can chal- 
lenge your outboard to start again and again by nib- 
bling and leading you around the lake. Or he can 


» 


© 1990, Outboard Marine Corporation. All rights reserved. 
Platinum Member Sport Fishing Institute. 


simply wear your outboard out. 
That's why Johnson outboards have specially- 
designed water intakes that help resist plugging from 
weeds and mud. Easy, dependable fuel injection 
starting systems. Plus long-life features like 
УКО?" oil injection, which provides the correct 
+ mixture of fuel and oil at all engine speeds. 
So call 1-800-255-2550 for the name of 
your nearest Johnson dealer. We doubt that the 
fish will appreciate all the thought that goes into 
our outboards. But we know you will. 


*-Johnsorr 
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Bur THIS ISN'T M ONLY REASO! 


AOWN- | 
ERS ARE SO ENTHUSIASTIC. THERE'S А! 


TALK TO A MAZDA TRUCK OWNER. BETTER YET, 


A36-MONTH/ SEE YOUR MAZDA DEALER AND PUT A MAZDA 


50000-MILE BUMPER-TO-BUMPER WARRANTY WITH ^ TRUCK TO A LITTLE TEST OF YOUR OWN. 
T LI 
NO DEDUCTIBLE. THE BEST BASIC WARRANTY IN THE 


ENTIRE INDUSTRY, SO IF YOU WANT TO KNOW WHAT 
маке aroucHMazparaucksosxcerrionat, IT JUST FEELS RIGHT: 


"LD. Power and Associates 1989 Compact Truck Initia! Quality Survey.” Based on owner-reported problems during the first 90 days of ownership. * *See your Mazda Dealer for limited-warranty details. 


Readers Talk Back 


[ 


Fuelish omissions 


Your cover story “Clean-Air Fuels" 
[Jan.] omitted one fuel that has many 
of natural gas's advantages (non- 
corrosive, clean burning, low noxious 
omissions, inexpensive), with the ad- 
ded pluses of higher octane content, 
more miles per gallon, less bulky stor- 
age, established wide-ranging supply 
points, and long-standing conversion 
facilities. That fuel is propane gas. In 
the quest for alternatives, propane has 
a record of proven favorable results. 
California recently added propane to 
its list of smog-reducing fuels; Dallas 
and Denver's air-quality opinion lead- 
ers are showing signs of following suit. 
Joseph A. Arches 

Director of Marketing Services 
Suburban Propane, Whippany, N.J. 


You rightly take me to task for ignor- 
ing propane. I should have explained 
that the fuel, attractive though it seems, 
cannot meet Bush administration goals. 
While it burns well and is inexpensive 
now, propane cannot be produced on a 
grand scale without sacrificing econ- 
omy or natural energy independence. 
Where would additional needed pro- 
pane come from? Propane is mainly 
derived from liquefied petroleum gas, 
a byproduct of natural gas. But LPG 
is only some four percent of natural 
gas produced. True, propane could be 
distilled from petroleum, but that 
would not help to reduce US. depend- 
ence on imports. And it would be tricky 
to design a propane car that could also 
use gasoline. Yet that flexibility, already 
demonstrated for methanol systems, 
would be necessary in the early stages 
of any alternative-fuels program. Oth- 
erwise nobody would buy the cars—or 
the program.—Philip E. Ross 


Your story missed a point about etha- 
nol. Preparing for an electric-utility 
rate hearing 11 years ago, I made an 
analysis of ethanol as an alternative 
fuel. My findings? Plowing, harrowing, 
planting, reaping, and later distilling, 
all consume fuel. The net result is that 
more energy is used in making etha- 
nol than it produces—a disaster. 
John Gmeiner, Sandwich, Mass. 


Whatever we use, we need alternative 
fuels. In case everyone's forgotten, the 
energy crisis is still with us. We im- 
port nearly 50 percent of our oil from 


the Middle East. How would we all 
feel if a really bad energy crisis came 
along and we didn't even have the fuel 
to drive to the corner store? 

John R. Morgan, Northfield, Mass. 


The cover of your January issue shows 
a multi-fuel pump and an electrical 
outlet for electric cars. You have the 
wrong plug in: It has exposed prongs. 
These prongs would be live and able 
to cause shocks. The plug also should 
be a female plug, not a male plug, as 
pictured. 
Louis Nicolosi 
Kansas City, Mo. 


Lewd "American Gothic" 
The computer-generated spoof on the 
painting "American Gothic," giving 
the farmer's wife the upper nude torso 
of Botticelli's “Venus,” seemed to me 
to cross the line of decency [“Science 
Newsfront," Jan.]. It was uncalled for. 
Brenda Foote, Covington, Ga. 


We think the illustration was an at- 
tention-getting example of computer 
graphics. The two highly recognizable 
paintings used, also, are widely con- 
sidered classics beyond reproach. We 
apologize to readers who were offended. 
—Fred Abatemarco 


The best—and worst 


Thanks for publishing all the addres- 
ses of the manufacturers of the prod- 
ucts showcased in the "Best of What's 
New" [Dec. '89]. It’s information and 
service like this that keep PoPuLAR 
Science my favorite magazine. 
Byron Gerdes, Crystal, Minn. 


Because I convert a lot of tapes from 
Europe to NTSC, I was happy to see 
Panasonic has a universal VCR. But 
after a day of looking for the VCR, I 
found that it doesn't exist—yet. How 
can a nonexistent product get on your 
list? Doesn't that make your "Best of 
What's New" somewhat worthless? 
Kim Pelle, Redondo Beach, Calif. 


In the future we'll be sure to point out 
when a product is not yet available in 
the United States.— William J. Hawkins 


You may attract a few people with the 
cute column headings and somewhat 
sophomoric humor in the December 


1989 issue, but ГЇЇ bet that most veal] 
your magazine for the technical con- 
tent and, like me, are not entertained. 
Roy C. Robertson 
Knoxville, Tenn. 


In your October 1989 story “The New 
1990 American Cars: Good as the 
Imports?” Buick general manager 
Edward Mertz compares Buicks with 
Acura Legends. I recently drove a US. 
-made rental car—a Buick. American 
cars haven't changed: The steering was 
dead, the suspension gave no feel of 
the road, the brakes were mediocre. 
It was no fun. Гуе also driven a Leg- 
end, and found it smooth, responsive, 
and well-made—one of the best cars 
Гуе driven. If consumers drove the 
Legend first, I doubt they'd buy Buicks. 

Don Fein, Brentwood, Calif. 


When will we see American dealers 
in Indonesia, Singapore, Malaysia, 
etc.? The Japanese and Europeans 
have been here for years. Mertz's idea 
of "world class" must be very small. 

E. Paton, Singapore 


Solar rate: not competitive? 


I disagree that 12 cents per kilowatt- 
hour for electricity provided by a new 
photovoltaic cell is competitive with 
conventional power plants [“What’s 
New,” Nov. ’89]; also, the sun does not 
shine all the time, so the projected 
solar-cell power rate is a daytime-only 
rate. New coal plants, however, pro- 
duce round-the-clock power for about 
three cents per kilowatt-hour. And al- 
though the Pacific Northwest average 
energy cost is fairly inexpensive at five 
cents per kilowatt-hour, the U.S. av- 
erage is still about 7% cents. 

Fred Walter, Cottage Grove, Ore. 


Boat people 

I read with interest the letter from 
Martin Hug, who built a USS Texas 
model from plans that ran in Popu- 
LAR SCIENCE in 1932 and 1933 [“RTB,” 
Dec. '89]. My father, Eddie Bieke, built 
a model of the Buckeye State stern- 
wheeler from plans you ran from No- 
vember 1928 to February 1929. In 
1983, Daddy gave me the ship, which 
unfortunately had gotten worn and 
grimy after 50 years on an open shelf. 
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NEW! From the maker of Passport and Escort 


Finally, a radar detector so advanced, 
you'll never be bothered with a power сога 


Self-powered SOLO 


Uni now, high performance radar 
detection required a m: 
cord. Plugged into your с 
Dangling across your dashboard. And 
tangling in your pocket. 

Finally, there is a better way. 


No power cord 
Solo is a totally new concept in long- 
range radar detection. All you do is 
clip Solo to your visor or windshield, 
and switch it on. It's that simple. 


Solo comes complete with all accessories, including visor and 
windshield mounts that instantly conform to any car. but 
fold flat for convenient carrying. Both designs are patented. 


You'll never need a power cord. 
Unlike any other radar detector, Solo 
has its own power source — inside 
its compact magnesium housing (Solo 
is М” x 214" x 444" — just 51? ounces). 


How it works 

After years of research, our engineers 
(who also designed Escort and 
Passport) developed circuitry fifty 
times more efficient than conven- 
tional detectors. This design provides 
long-range radar warning for 200 hours 
оп а single 9 volt battery. 

If you drive one hour a day, you 
won't need to replace Solo's battery 
for over six months. (Even if you 
drive two hours a d: 
three months.) 


© 1990 CMI 


WHAT THE EXPERTS SAY 


“No other detector manufacturer bas 
anything even close...Solo moves the 
state of the art to a bigher plane.” 


BMW Roundel 


“The most user-friendly detector yet... 
we fell in love at first beep.” 


No compromise performance 
With Solo, you get long-range radar 
varning with no hassles. And you 

never have to worry about Solo's 
performance. 

Solo maintains all of its radar warning 
capability over its entire battery life. 
Solo is even smart enough to turn 
itself off if you forget. When it's finally 
time to replace the battery, Solo will 
tell you five hours in advance. 


Order today and try Solo 
for 30 days at no risk 


Call toll-free 1-800-543-1608 


SELF-POWERED 
SOLO 


RADAR-RECEIVER 
7 


$345 ohio add $2070 tax. Canadians add $40. 


cms E c 
Cincinnati Microwave 


P Department 701640 


One Microwave Plaza 
Cincinnati, Ohio 45249 


Then just drop in another lithium 
battery for 200 more hours (ог use a 
standard alkaline to power Solo for 80 
hours). Solo costs less than three cents 
per hour of use. 


Experience the freedom 

You'll slip vour Solo into its leather 
case and carry it in your shirt pocket. 
In your car, just clip Solo to your visor 
and switch it on. 

It's so easy, you'll never go without 
radar protection again. And now a 
special offer lets you try Solo for 30 
days at no risk. 


Exp ш 
| 


Solo' super efficient design never needs a power cord. A 9 volt 
battery provides 200 bours of power — several months of radar 
protection for mast drivers (at a cast of only three cents ап bour). 


We GUARANTEE your satisfaction 

Solo is available from us only, and 
comes complete with our Digital Key 
anti-theft system, all mounts and 
accessories, two batteries, and a one 
year limited warranty. 

Here's our offer. Try Solo. If for any 
reason you're not completely satisfied, 
just return Solo within 30 days. We'll 
refund all your money and even pay 
your return shipping cost. You can't lose. 

Once you try self-powered radar 
protection, nothing else will do. 
Order today. 


Readers Talk Back 


With careful work and photocopies of 
the series from your editorial depart- 
ment's files, I restored the ship. Daddy 
also made the USS Constitution, which 
my brother-in-law is restoring. Daddy 
is 78 now, and still healthy. When I 
asked how he made the models, he 
said, *You take a piece of wood, and 
then carve away everything that 
doesn't look like a ship... " 

Rusti Stover, Houston, Texas 


Not-so-super conductor? 


While I know of Frank Reick's repu- 
table work, I think "Super (Conduc- 
tor) Man" [Dec. '89] is an insult to 
the thousands of researchers who've 
worked on superconductors. You im- 
ply that there has been a dearth of 
work, when there has been a deluge 
of papers, patents, and engineering 
man-hours devoted to such research 
in the last three years. Also, several 
ideas credited to Reick, such as em- 
bedding yttrium-barium-copper oxide 
in a variety of matrices and substi- 
tuting copper carbonate for copper ox- 
ide, are hardly new. On the ingenuity 
of his adding Teflon to the raw mate- 
rial, chances are that Teflon outgasses 
fluorine as it decomposes—a contami- 
nant that has received much atten- 
tion since 1987. As for his solving the 
outgassing of polymeric lubricants: 
There are such things as inorganic lu- 
bricants; and two, the new copper- 
oxide superconductors have their own 
susceptibility to outgas essential oxy- 
gen under vacuum conditions. 
James Intrater, Vice President 
Research & Development 
Advanced Technology 
Palisades Park, N.J. 


The article, while in no way inaccu- 
rate, did not detail the structure of my 
high-temperature superconductor, nor 
include the extensive test data support- 
ing its unique characteristics. I sug- 
gest reader Intrater hold his fire pend- 
ing the publication of my paper on 
space applications for superconductors, 
which NASA invited me to submit. The 
paper describes my superconductor and 
will be presented at a future national 
conference sponsored by NASA. In de- 


Address letters to Readers Talk Back, Роғшля Science, 2 Park 
Ave., New York, М.Ү. 10016. Or fax your letter to us at (212) 
779-5468. We reserve the right to edit for space and clarity 
and cannot answer unpublished letters. 


fense of my work, I must also note that 
a recently published paper of IBM or- 
igin said a high-temperature super- 
conductor body with interconnected po- 
rosity showed superior characteristics. 
This is the key feature of my super- 
conductor.—Frank Reick, Fluoramics, 
Inc., Upper Saddle River, NJ. 


Poor-quality coupe? 


I noticed a shockingly bad fit between 
the left door and the front fender on 
the General Motors long-awaited Sat- 
urn coupe prototype [“Automotive 
Newsfront," Dec. '89]. If this is a sign 
of GM's new technology, Japanese auto 
makers are going to have a field day. 

Hy Pitt, Milwaukee, Wis. 


Frequently, the fit and finish of proto- 
type cars is not up to the standards of 
production models. 


Damp that enthusiasm 


The Airzone system, which provides 
zone control in a home-heating sys- 
tem, is clever, but hardly new [“Bal- 
loon Dampers,” Oct. '89]. The McQuay- 
Norris-Fluidtech Variable Air Volume 
system was on the market at least 20 
years ago. It had pneumatic thermo- 
stats, with the back pressure air from 
the thermostats going directly to the 
balloons. This gave continuous analog 
control with the simplicity of a straight 
pneumatic system and easy installa- 
tion. Add a variable-speed heat pump, 
and you'd have a good total system. 
Theodore W. Leverett, P.E. 
Concord, N.C. 


There have been many attempts at an 
inflatable damper, most for large com- 
mercial uses. Our system is designed 
for low-cost residential or light com- 
mercial use and has unique features: 
It needs no attachment to the duct, so 
it is suitable for use with steel as well 
as a flexible duct; and it doesn't re- 
quire a commercial pneumatic system. 
Our dampers use new advanced ma- 
terials and are durable while passing 
UL flame-test requirements.—Jerry 
Tartaglino, president, Enerzone Sys- 
tems Corp., Dallas, Texas 


Correction: ITT Cannon's component 
division is located at 1851 E. Deere 
Ave., Santa Ana, Calif. 92705 [“Elec- 
tronics Newsfront," March]. 
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Interplak cleans circles around 
your ordinary toothbrush. 


The Interplak” Home Plaque 
Removal Instrument is one of the 
most important advances in home 
dental care since the invention of 
the toothbrush. 

It doesn't look like an ordi- 
nary toothbrush. And it doesn’t 
work like one. 

After using the Interplak 
instrument just once, you'll be 
able to feel the difference imme- 
diately. Your mouth will seem 
fresher. Cleaner. 

It cleans teeth nearly 
plaque-free. 

Clinical studies show that man- 
ual brushing removes only some of the 
plaque that builds up daily on your teeth. 

But those same studies show that 
the Interplak instrument cleans teeth 
nearly plaque-free and reduces gingivitis 
to improve the health of your gums. And 
the more plaque you remove, the more 
you reduce the risk of early gum disease 
and tooth decay. 

Nothing fights 
plaque better. 

Unlike manual and electric tooth- 
brushes that only clean back and forth, 

H or up and 
down, our ten 
4 __ tufts of bristles 
J— - rotate 4200 


EU 


Inlerplak tupsclean plague frombetween ties a minute. 


teeth and under the gums. 


And they reverse 
their direction 46 times a second to 
literally scour off plaque and stimulate 
your gums. When the tufts reverse 
direction, the bristles extend fully 

to clean deep between teeth and 


тэлэ ренин: s 


<4 


under your gumline. And because 
the bristles are four times softer 
than the softest toothbrush, they're 
no more abrasive than manual 


tU brushing with toothpaste. 


мч Ask your dentist 
about the benefits. 
Dental professionals across 
the country have enthusiastically 
endorsed the Interplak instrument 
and theyve recommended it to 
their patients. Its even accepted by 
the American Dental Association. 


& Its easy to use, cordless, 


and it recharges itself every time 
you place it in its stand. Plus you 
can buy color-coded, interchangeable brush 
heads for the whole family. 4 
Ask your own dentist \ 
about the benefits. Or for тоге 
information and a retailer near 
you, call toll-free 1-800- Д 
334-4031. The Interplak Home ~ ' 
Plaque Removal Instrument = 
from Bausch & Lomb. PK 
Anew way of brushing 
your teeth, with extraordinary 
results. 4 


Hi 


HOME PLAQUE REMOVAL 


INTE 


олара is the registered trademark of the Bausch & Lomb Oral Care Division, Inc. 
© 90 Bausch & Lomb Oral Care Division, Inc. 


John Deere RX 75 Riding Mower 


Air-cooled, 9-hp engine. Electronic ignition. Disk 
brakes. Full-length reinforced steel frame. Variable 


speed “no-clutch” drive system. 30-inch mowing 
width. 1- to 4-inch cutting height. 17-inch turning 
radius. Cuts half an acre in 30-40 minutes. 


John Deere STX 38 Suburban Tractor 


125-hp overhead valve engine. Electronic ignition. 
Disk brakes. Sector and pinion steering. 5-speed 
in-line shift. One-piece steel mower deck with two 
gauge wheels to prevent scalping. 38-inch mowing 
width. 22-inch turning radius. Cuts an acre an hour. 


John Deere 285 Lawn and Garden Tractor 


Liquid-cooled, 18-hp V2 engine. Hydrostatic trans- 


mission. 10-position seat. 5-position steering wheel. NOTH 
46- or 50-inch mowing width. Attachments include ING RUNS 
snow thrower, tiller, front blade. Cuts an acre in about LIKE A DEERE. 


45 minutes. So comfortable, you may want to go slower. For the dealer nearest you, call 1-800-544- 


Quality is Job 1. 


Profile in Quality #13: 
Recognition. 


For the 4th time in the last 5 years, a Ford Motor 
Company car has won the prestigious Car of the 
Year award from Motor Trend magazine. The 
1990 Lincoln Town Car— the first luxury 

sedan in 38 years to receive this award—joins 
the Ford Thunderbird Super Coupe in 1989, the 
Thunderbird in 1987 and Ford Taurus in 1986. 
Receiving this award is further evidence that 
Ford's total commitment to quality is producing 
results. When your goal is to build the highest 
quality cars and trucks in the world —you don't 
do it any other way. 


ercury, Lincoln, Ford Trucks. 
is to build the highest quality cars 
and trucks in the world: 


ov» 


Our goal 


BY JUDITH ANNE YEAPLE в 


Mirror image A 
When officials їп 
Memphis, Tenn., 
wanted an eye-catch- 
ing new sports arena, 
they decided the de- 
sign should link the 
metropolis with its an- 
cient sister city, Mem- 
phis, Egypt.The result: 
a $52-million pyramid 
with  stainless-steel 
cladding. The 321- 
foot-high structure 
will also house a mu- 
seum of American mu- 
sic, and should be com- 
pleted in 1991. 


Tiptoe through the treetops A 


How do you study the myriad plant and insect species nes- 
tled in Amazonian treetops? A group of scientists, headed 
by Francis Hallé of the Botanical Institute at the Univer- 
sity of Montpellier II, found a way with a “canopy raft” 
made of pontoons and netting. The 86-foot-wide raft was 
flown by a dirigible to this site in French Guiana. 


PRISMATIC 
01 


COVER d 
SOLAR CELL 


SUNLIGHT 


CONCENTRATING р 
ELEMENT E 


Stacked solar 
' 
This solar cell by the Boeing 
IESUS High Technology Center 
boosted its energy-to-elec- 
tricity efficiency to a rec- 
ord-setting 37 percent. The 
double-layer design uses 
conventional gallium arse- 
nide cells on the upper side 
<Trusty torch to soak up visible rays plus 
Even a deluge won't snuff gallium antimonide below to 
out Ikari, a dependable catch the normally wasted 
Swiss igniter. A special duct infrared energy. Prismatic 
keeps the flame straight no covers made by Entech Inc. 
matter how it’s held. Precise direct the rays away from 
International, 3 Chestnut St., wire grid lines and onto ac- 
Suffern, N.Y. 10901. tive solar cell areas. 
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Zigzag zoom! A 

This nimble two-seater can accelerate 
and decelerate rapidly plus maneuver 
through tight turns. Designed as a low- 
cost, easily maintainable aircraft, the 
Phalanx Falcon could be used by the 
Army for border patrols, drug-war mis- 
Sions, and forestry applications, the 
manufacturers say. The military will 
acquire a number of these planes, still 
in the prototype stage, later this year. 
Commercial models might hit the mar- 
ket in two to three years. American Air- 
craft Corp., 3090 Airport Way, Long 
Beach, Calif. 90806. 


Digital coloring A 

Send AstroEnhance a photo of an as- 
tronomy-related subject and the com- 
pany will use digital scanning technol- 
ogy to false-color your print with up 
to 256 different hues to make it look 
just like the images from NASA. They'll 
accept black and white or color prints 
of other subjects as well. For more in- 
formation, write to AstroEnhance, 719 
S. Harbor Blvd., Drawer 222, Fullerton, 
Calif. 92632. 


16 | POPULARSCIENCE APRIL 1990 


< Shadow time 


Reminiscent of a sun- 
dial, this futuristic 
watch marks the pass- 
ing of time with light 
and shadow. The win- 
ner of a timepiece de- 
sign contest sponsored 
by Timex Corp. and 
the Minnesota Chap- 
ter of the Industrial 
Designer's Society of 
America, the solar- 
powered watch was 
created by Steven 
Monti of Rhode Is- 
land. As time passes, 
the hour and minute 
circles darken on the 
LCD display face. 


«t Radiation meter 


Worried that electromagnetic radiation 
coming from your TV, computer screen, 
or nearby power lines may over time 
be damaging to your health? Now you 
can measure this radiation yourself 
with a hand-held, battery-powered 
monitor. The Walker ELF-50 Field Mon- 
itor detects the amount of extra-low- 
frequency electromagnetic field radia- 
tion in two ranges, low and high. A 
10-segment LED display tells you the 
level of radiation present. Walker Sci- 
entific Inc., Rockdale St., Worcester, 
Mass. 01606. Price: $180. 


44 Tough plastic 


This prototype ar- 
mored vehicle is ligh- 
ter, cheaper, quieter, 
and safer. Why? А new 
composite plastic re- 
places metal in the 
tank body. Officials at 
the U.S. Army Materi- 
als Technology Labo- 
ratory say the fiber- 
and resin-reinforced 
plastic performs as 
well as metal in ballis- 
tic tests and is highly 
flame resistant. 


BY TIMOTHY 0. BAKKE 


Pound-in posts A 
Need a mailbox, sign, or fence post in a 
hurry? Trade in your shovel for a ham- 
mer: With the Post Up spike, you pound 
the unit into the ground until the steel 
Shaft is buried, remove the pounding 
block, and insert a 4x4 post, then se- 
cure the post in the fitting with the cor- 
ner Forcefit clamp. There's no digging 
or setting with concrete. Post Up comes 
in three sizes: 18, 24, and 30 inches long. 
Price: about $15. Gordon Corp., Box 
1040, Southington, Conn. 06489. 


Woven house wrap > 


Barricade Building Wrap, made of %- 
inch cross-woven strips of polyolefin, 
has higher tensile, or stretching, 
strength than conventional spun- 
bonded air-infiltration barriers, says 
Simplex Products (Box 10, Adrian, 
Mich. 49221). The wrap effectively 
blocks air, but it also allows water va- 
por to escape from the building. And 
because it has high ultraviolet resist- 
ance, it can remain exposed to the sun 
for up to six months, says Simplex. It 
can be attached with staples (inset), 
wide-head nails, or glue. Price: бе a 
square foot. 


Blunt glass block > 


Glass block has never had a finished 
edge—until now. With Pittsburgh Corn- 
ing's EndBlock you can finish a glass- 
block partial wall or divider without 
having to cap it with wood, masonry, 
or metal frames. Used vertically in a 
partition or horizontally as the top 
course in a divider, EndBlocks provide 
arounded edge of glass. The moderate- 
distortion Decora pattern is shown, but. 
the block also comes in the Vue pattern, 
which provides minimal distortion for 
see-through applications. EndBlocks 
are compatible with standard eight- 
inch-square GlassBlocks from Pitts- 
burgh Corning Corp. (800 Presque Isle 
Dr., Pittsburgh, Pa. 15239). Price: $15. 


«Solar network 


Place the collec- 
tor/battery of 
Nordic Ware's So- 
lar Walkway/Deck 
Lites in a sunny 
location, and you 
can put the four 
lights anywhere 
—without regard 
to solar exposure. 
Thelights operate 
for 10 to 12 hours, 
says the maker, 
and are controlled 
by a photoelectric 
switch at the pow- 
er source. Nordic 
Ware, Hwy. 7 at 
100, Minneapolis, 
Minn. 55416; $120. 
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L aw V-spark > 

d " n The  Split-Fire 
spark plug's elec- 
T Y trode has been 
flanged and cut 
into a 30-degree 
V, providing more 
surface area to 
emit as many as 
six simultaneous 
sparks on each fir- 
ing. More efficient 
combustion, in- 
creased power, 
and reduced emis- 
sions are claimed. 
Available for $4 
from Energy Per- 
formance, Inc. 
(2113 Helena Rd. 
S.E., Winter Ha- 
ven, Fla. 33883). 


TREAD 


NYLON 
OVERBELTS 


4 All-season performer 


Auto mirror A RADIAL BELTS The construction of Pirelli's 
The Gentex electrochromic side-view P500 all-season tire is based 
mirror automatically adjusts to main- TWO-PLY CASING on experience gained in de- 


signing performance and race 
tires. The P500 features a two- 
ply nylon casing covered by 
a pair of radial steel belts and 
two zero-degree nylon over- 
belts for lateral rigidity and 
vertical flexibility. A balance 
between comfort and hand- 
ling is the result, says Pirelli 
(500 Sargent Dr., New Haven, 
Conn. 06536). Cost is $100 to 
$165, depending on size. 


tain a constant light level on the driv- 
er's eyes. The mirror's range is from 
80 to 6 percent reflectivity, according 
to Gentex, which says the mirror will 
be offered on a mid-1991 domestic car 
for less than $80. Gentex, 10985 Chicago 
Dr., Zeeland, Mich. 49464. BEAD REINFORCEMENT 


Two-by-four on the road A 

Timber Tote lets you transport lumber or pipes that are too 
long to fit into the car. Two rubber-coated brackets attach 
to the door and trunk of the car to prevent scratching. Tim- 
ber Tote costs $25. It's from Jupiter Products (Box 4367, 
Centerline, Mich. 48015). 


Quick clear > 


Delco Remy engineer Donald Paulson risks pneu- 
monia to test the ElectriClear windshield. A micro- 
thin metallic film between the interior and exterior 
sheets of glass heats the windshield to melt ice three 
to five times faster than a conventional defroster. 
Libbey-Owens-Ford Co., ElectriClear Systems Dept., 
811 Madison Ave., Toledo, Ohio 43695. 
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Buick Skylark Custom LE. 
Buick Regal Limited .. 
Buick LeSabre Estate Wagon 
Buick Electra Park Avenue. 


Chevrolet Beretta бТ..................... 
Chevrolet Camaro IROC-Z 


Chrysler Fifth Avenue . 
Dodge Daytona ES Turbo. 


Eagle Talon TSi Turbo 


Ford Probe GT............ senes 15,543 Ропіас бтапіАт$Е.................... 15,194 


Jaguar XJ-6 Vanden Р!а$.. 
Lamborghini Countach. 
Lexus LS 400... 
Lincoln Town Car 
Lincoln Mark VII LSC... 


Latin Elis crei 

Mercedes-Benz 190E .................... 

Mercedes-Benz 300СЕ................... 

Mercedes-Benz 50091.................... 

Mercury Topaz 15 ....................... 

Mercury Sable 15........................ 

Mercury Cougar ХВ-7..................... 20,213 Toyota Cressida .... eee 
Mitsubishi Galant 6$Х................... Toyota Corolla Е........................ 
Mitsubishi Eclipse 6$Х................... Toyota Celica GT-S... 

Nissan Stanza GXE..... Toyota Supra Turbo 

Nissan Axxess SE .. Volkswagen GTI . 

Nissan Maxima SE. . Volkswagen Jetta GLI 

Nissan 300ZX Turbo... Volkswagen Corrado. .. 

Oldsmobile Cutlass Calais $............. 14,015 Volkswagen Passat б1.................... 
Oldsmobile Cutlass Supreme Intl. ......... 17,995 Момо 240-01............................ 
Oldsmobile 88 Аоуаіе.................... 15,995 ММО 700 rrr 


Source: Automotive News 12/18/89, "Pricing the '90 Models: 


Isn't your car worth the extra protection? 


©1990 Mobil Oil Corporation. 


BY WILLIAM J. HAWKINS я 
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Two phones in one A 

What’s more convenient: a cordless 
phone or a phone-answering machine? 
Answer: Both, says PhoneMate, and 
the company has its model 1850 to 
prove it. The $220 cordless phone has 
a complete phone-answering machine 
built into its charging base. 


Silence is golden > 


Practicing the drum can be difficult— 
particularly to nearby friends and rel- 
atives forced to listen. But for $70, you 
can buy electronic air drums from 
Hammacher Schlemmer. Wave the 
sticks in the air—there’s no need to hit 
anything—and they electronically pro- 
duce snare, cymbal, and drum sounds 
in the headphones. 


Visual audio > 

The dot-matrix LCD display on Ma- 
rantz’s auto cassette-receiver uses 
words and graphics to show all: from 
the status of its built-in security sys- 
tem to the balance settings on its rear- 
channel surround sound. Models, start- 
ing at $499, include Dolby B and 
C-Quam AM stereo. 
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A special mount lets 
RCA’s new nine-inch 
$289 ColorTrak TV 
be placed anywhere, 
including under a 
counter for kitchen 
viewing. A second 
$269 model works on 
DC power and is de- 
signed for on-the- 
road watchers in 
cars, vans, and recre- 
ational vehicles. Both 
versions operate via 
infrared remote. 


Label maker 


Seiko Instruments’ 
Smart Label Printer 
attaches to the serial 
connection on your 
computer. Result: in- 
stant labels or bar- 
code printing at the 
touch of a key. Print- 
er, cable, and soft- 
ware, which includes 
a data base, text edi- 
tor, and bar-code 
generator for a PC 
or Mac computer, are 
$250. 


Eod] 
PLAY > 


DO NOT ATTEMPT WITHOUT 
COMPUSERVE. 


Take control of your investments with 
the same fast and accurate trading information 


CompuServe provides to many of the top investment 


institutions on Wall Street. 

Tap the time-saving power of electronic 
research by accessing valuable company data 
and financial statements from premier sources like 
Standard & Poors, Value Line, and Disclosure П, 
or track the value of your investments using 
CompuServe's Quick Quotes" database. We'll even 


alert you with current news from Reuters and other 


top news providers on stock quotes you request. 


Get up to 12 years of daily, weekly or monthly 


pricing history on over 90,000 securities, and 


download it to your spreadsheet for further analysis. 


Consulta weekly poll of Wall Street analysts 
with the consensus earnings estimates for each of 
over 3,500 companies. Then discuss information 
with your peers in CompuServe's Investors Forum. 
You can even download hundreds of freeware and 
shareware decision support tools. 

Once you've made a decision, online 
discount brokers are standing by, ready to take your 
order 24 hours a day. 

To join CompuServe, see your computer 
dealer. To order direct or for more information, write 

or call 800 848-8199. And stay on top 
of your investments. 


єз [ 


State Zi 
Telephone ( ) | 
CompuServe 


Advertising Dept, 5000 Arlington Centre Blvd. 
РО. Вох 20212, Columbus, OH 43220 


Five bits > 


This five-bit ratcheting screw- 
driver has a pistol-type grip 
that is full of holes. Wedged in 
the holes are copper-coated 
chrome bits. To pop out a bit, 
simply push the one you were 
using through the slot hold- 
ing the needed bit. The one 
you want falls out, and the 
one you don't want is safe- 
ly stored. The compact tool 
costs about $7, including 
three slotted and two Phil- 
lips bits. Consumer Prod- 
ucts International, Box 410, 
Skaneateles, N.Y. 13152. 


Advanced measurements A 


Dimension Master Plus, a tapeless 
measure, uses three ultrasonic emitters 
to shoot a two-degree beam. The result: 
accurate distance reading up to 60 feet 
despite objects that would interfere 
with a broader beam. Calculated In- 
dustries, 22720 Savi Ranch Pkwy., 
Yorba Linda, Calif. 92686. Price: $100. 


Safer sawing A 

Leichtung's anti-kickback hold-down attachment for power 
saws is quick to set up, the company claims. Wheels on the 
hold-down arms revolve forward only. If your work tries 
to kick back, the rubber wheels lock it in place. Wheel di- 
rection can be reversed, so the device can be used with 
right- or left-hand fences. Leichtung Workshops, 4944 Com- 
merce Pkwy., Cleveland, Ohio 44128. Price: $50 plus shipping. 


Sharper bits A 


Dremel's new drill-bit sharpener mounts on the table of the 
company’s models 1631 and 1731 belt sanders to bring 
professional-quality bit sharpening to the home workshop. 
A cam positions the cutting edge of the drill at the correct " 
angle to the sanding belt. Bits from % to ' inch in diame- = б ч 


ter апа of any length can be resharpened in the jig, claims KR 
Dremel (4915 21st St., Racine, Wis. 53406-9989). Price: $35. XS. 


Crafty drafting > | г `) 
Detailed perspectives and illustrations can be created and Н \ 
enlarged with the special T-square of this British drawing „= 
board. Rollers under its finger-grip handle run in three 

curved channels of different radii for ruling straight lines 

that converge at an imaginary vanishing point off the board. 

Any viewpoint is possible. Computer-generated three- 
dimensional color reference scales are printed on the board 

for accurate proportioning. The Perspective Product Co., 

Box 282, Camberley, Surrey GU15 2UR, England. 
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BY MARCELLE M. SOVIERO mmm = — “= 
*3 < Cheaper heat 


» 
E Coleman's new 


line of lanterns 
and stoves con- 
tains valving, heat- 
ing, and burning 
systems that are 
designed to burn 
unleaded gaso- 
line. Result: a 
cheaper, more 
convenient flame 
because unleaded 
costs less than 
camp fuel and is 
readily available. 
Coleman Outdoor 
Products, Box 
2931, Wichita, 
Kan. 67201. 
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High-tech helmet A 


A.G.V.'s temperature-regulating motorcycle helmet is made 
for all seasons. It keeps your head warm in winter and cool 
in summer. А tiny semiconductor in the crown heats or cools 
a liquid-filled cushion, which then acts as an ice bag or a 
hot-water bottle, depending on the temperature you want. 
The system adds just nine ounces to the total weight. A.G.V. 
s.p.a., Zona Industriale D5, 15047 Spinetta M.Go, Italy. $500. 


Dip and sip A 
Water, water, everywhere, and now there's even some to 
drink. Attach the Scuda beverage pouch to your diving suit's 
regulator, and when you're thirsty squeeze the 12-ounce 
pouch for a sip. Scuda's automatic pressure equalization 
lets you dive safely at any depth. Hand pressure controls 
the flow. Scuda Manufacturing, 19150 W. Dixie Hwy., 

Miami, Fla. 33180. The price of the pouch is $40. 


Comfort soles A 


TL-61, a graphite composite developed by Biomechanical 
Composites Co., was first designed as a foot orthotic. But 
Etonic now uses the technology to increase comfort and 
support in its running shoes. Biomechanical Composites Co., 
31275 La Baya Dr., Westlake Village, Calif. 91362. 


Reinventing the wheel > 

Du Pont and Specialized Bicycle Components of Morgan 
Hill, Calif., have joined forces to replace the standard 
36-spoke bicycle wheel with a three-spoke model. Made of 
composite fibers and an aluminum rim, the lightweight $750 
wheel can cut 10 minutes off a 100-mile bike race and with- 
stand 850 pounds of pressure, the manufacturers say. 
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NCE AGAIN, 
IT'S CAUGHT THE 


COMPETITION WITH 


ITS VALUE DOWN. 


THE TOUGHEST COMPETITION 
WE HAVE IS OURSELVES. 


When you compare the 1990 Ford 
Ranger XLT with the Toyota Deluxe 


or Chevy S-10 you'll find Ranger XLT 


catches the competition with their 
prices up...and their features down? 
BEST-SELLING COMPACT 
TRUCK IN AMERICA. - 

Ranger offers something else the 
competition can't match. The status 
of being America’s best-selling com- 
pact truck three years running** 
And when you're also the value 
leader, the toughest competition 
you have is yourself. 


* AM/FM stereo cassette 

* Power steering 

* Multi-port electronic fuel-injection 
* Rear anti-lock brakes 

* Cast aluminum wheels 
Tachometer 

rval wipers 

ing rear window 

auge package 

nted glas 
Speed manual overdrive trans 
mission... and more. 


BEST-BUILT 
AMERICAN TRUCKS. 


The best-built American trucks 
are built by Ford. This is based on 
anaverage of consumer-reported 
problems in a series of sur 
all Ford and competitive '81-89 
models designed and built in North 
America. At Ford, “Quality is Job 1” 


acturery suggested retail prices 


manufacturers reported 
from 1987 thru 1989. 


<> 
RANGER 


BUILT FORD TOUGH 


3 m 
retail deliveries 


Sdence Newsfront 


By ARTHUR FISHER 


Hubble trouble over? 


"In 1981 or 1982, NASA will put in 
service the mightiest astronomical tel- 
escope in the world. Its Large Space 
Telescope (LST) will outperform the 
greatest telescopes on the surface of 
the Earth... ” 

That excerpt is from an article, 
published in the June 1975 issue of 
PoPuLAR Science, written by Wernher 
von Braun, then our Consulting Edi- 
tor for Space. Von Braun died two 
years later, on June 16, 1977. Had he 
lived, he would surely have been cha- 
grined to witness the series of delays 
that kept the LST Earth-bound until 
now. The passage of time was long 
enough, in fact, to encompass a name 
change. The instrument is now called 
the Hubble Space Telescope, after 
Edwin P. Hubble, the American as- 
tronomer who discovered that the uni- 
verse is expanding. That finding com- 
pletely overturned all notions of the 
cosmos. 

The Hubble Space Telescope was 
scheduled to be freed from the cargo 
bay of the shuttle Discovery on April 
19, after launch the day before. Late 
or not, it will be the sharpest optical 
eye ever to peer into the heavens. Its 
record resolution is attributable not 
to the size of its mirror—2.4 meters 
in diameter—but to its lofty orbit— 
600 kilometers up. There it will not 
suffer the smearing distortions expe- 
rienced when Earth-bound telescopes 
gaze through our murky atmosphere. 

This gain in resolution was origi- 
nally estimated, when the Large Space 
Telescope was being planned in the 
1970s, to be on the order of 10 times. 
Recent efforts to enhance the image- 
making potential of large ground- 
based telescopes have cut that ad- 
| vantage somewhat, but it is still 
impressive. The Hubble's resolving 
power in visible light is about 0.1 arc 
second, enough to see the headlights 
of a car 2,000 miles away as separate 
points. And it will be able to detect 
objects 50 times too faint for the huge 
Mount Palomar telescope to spot. 

The rewards of this late bloomer 
over its projected 15-year life span 
could be prodigious. Astronomers an- 
ticipate pictures of the outer planets 


and Voyager, the discovery of planets 


more useful than those from Pioneer | 


orbiting nearby stars, the innermost | 
secrets of globular clusters and gal- | astronomical observatories that will 


The Hubble Space Telescope will carry five scientific instruments that will observe astronomical 
objects in both visible and ultraviolet light and two star trackers to lock on targets. 


axies, evidence for the existence of 
enormous black holes, perhaps even 
answers to the riddles of the birth of 
the universe. 

In a January briefing at the Space 
Telescope Science Institute at Johns 
Hopkins University, the Institute's di- 
rector, Riccardo Giacconi, mused about 
the mission of Hubble and the great 


follow to observe at other wavelengths: 
*Why do we do this at a time when 
national resources are being so taxed? 
The drive is not simply to find new 
physical laws, but to transmit new 
technology and culture to the next 
generation ... It is not to find how big 
the univer with a sense of won- 
der and despair... but rather with the 
excitement of understanding.” 


POPULAR SCIENCE APRIL 1990 | 25 


Sdence Newsfront 


09:06. 160 


00 


IN IMIE 


This Jackson's chameleon has been caught in the act of eating by а new catch the unwary cricket. The study at the University of California, Irvine, 


high-speed videotape system. It took only about a tenth of a second to 


High-speed dining 
The remarkable sequence of photos 
above shows how a Jackson’s chame- 
leon makes a meal of a cricket by 
zapping the insect with its long, sticky- 
coated tongue blindingly fast. The se- 
quence was made with a high-speed 
videotape system; time codes on the 
frames indicate target acquisition and 
destruction took just 115 milliseconds. 

Biologists at the University of Cal- 
ifornia, Irvine, are using the system, 
which can capture images every Моо 
second, to unravel some of the details 
of lower vertebrates’ evolution by stud- 
ying their prey-capture behaviors. 

“The movements we are studying 
last from about ten to one hundred 
thousandths of a second,” says Dr. 
George Lauder of UCI. “If you were 
watching one of these behav- 
iors and blinked, you would 
miss it.” 

The researchers combine the 
video images with signals from 
electrodes implanted in the 
muscles of animals known for 
their lightning-fast dining 
prowess, such as snapping tur- 
tles, salamanders, chameleons, 
and some fish. They have 
learned that many of these mo- 
tions are controlled by antag- 
onistic pairs of muscles firing 
almost simultaneously. In 
higher animals, such pairs of 
muscles, like the biceps and 
triceps of the human arm, are 
ordinarily triggered one at a 
time. 

“There is a program in the 
brain of the animal,” ex- 
plains Lauder, “that sends im- 
pulses to the pair of muscles... 
This permits very high-speed 
movement by preloading the 
system, instructing a muscle to 
start to shorten even before its 
counterpart has begun to 
lengthen.” 


The UCI biologists believe this be- 
havior is preprogrammed and invari- 
able, and persists even as animals 
evolve. 


Plastic designs 


The two men in the photo below, Dr. 
Hsin-Pang Wang and Dr. Hak Soo Lee, 
are demonstrating a new General 
Electric computer program they helped 
develop. Called FEMAP, for finite el- 
ement mold-filling analysis program, 
it accelerates the process of designing 
tricky injection molds for plastic parts, 
such as the lawn tractor hood the en- 
gineers are admiring. The program al- 
lows the analysis of the part’s design 
on the computer screen. The cumber- 
some trial-and-error method of build- 
ing and testing prototypes is avoided, 


Complex plastic injection molds are designed by computer at the 
General Electric Research & Development Center. 


will help solve problems in lower animal evolution. 


saving both time and money. The tech- 
nique has now been used successfully 
on hundreds of three-dimensional in- 
jection molds for plastic parts rang- 
ing from TV cabinets to auto fenders. 

The software was developed at the 
GE Research & Development Center. 


Optical computing 

Bell Laboratories, birthplace of the 
transistor, has demonstrated an exper- 
imental version of a digital optical 
processor, a device devoid of silicon 
microchips and circuit boards that 
may be as revolutionary in coming 
decades as the transistor has been over 
the last 40 years. 

Like transistor-based computers, op- 
tical computers based on the optical 
processor would process data in a dig- 
ital, or on-off, yes-no mode. But 
present computers and other 
digital devices operate with 
trains of electrons moving as 
current. The optical processor 
works with pulses of light made 
up of trains of photons. 

Light beams have many ad- 
vantages over electric currents 
for computer use. Light pulses 
travel faster and lose no infor- 
mation if they meet or inter- 
sect. Some specialists think 
that eventually optical comput- 
ers will achieve speeds a thou- 
sand times greater than even 
the most powerful current de- 
signs. Future models could eas- 
ily accommodate every tele- 
phone call around the globe 
—simultaneously. 

William H. Ninke, director 
of the Information Systems Re- 
search Laboratory of AT&T 
Bell Labs called the digital op- 
tical processor “a technological 
milestone” and compared it 
with the Wright Brothers’ first 
plane. “Our experimental 
unit,” he said, “demonstrates 
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that the technology works, and points 
the way to its future exploitation." 

The relatively crude device demon- 
strated at Bell Labs has just 128 op- 
tical switches, compared with the 
millions typical of modern digital 
computers. Light beams shoot from 
eight laser diodes, and a maze of 
lenses and mirrors directs the light 
to electro-optic components that act as 
switches. 

The optical processor was developed 
by an optical computing group, headed 
by Alan Huang, over a pe- 
riod of five years. Possible 
applications, he says, in- 
clude speech and vision rec- 
ognition. "The first uses of 
the digital optical processor 
will probably involve prob- 
lems requiring parallel pro- 
cessing. However, we've 
been able to show that 
most computing problems 
can be handled by an opti- 
cal processor." 

Life with olive oil 

A fascinating study reported 
in the Journal of the Amer- 
ican Medical Association 
tends to give credence to 
earlier findings that olive 
oil is good for you. The study 
examined the eating habits 
of 4,903 Italian men and 
women aged 20 to 59 years 
old, and measured their 
blood pressure, cholesterol 
level, and other risk factors 
for coronary heart disease. 

The study was conducted 
by Dr. Maurizio Trevisan of 
the School of Medicine, 
State University of New 
York, Buffalo, and col- 
leagues from the United 
States and Italy. It found 
that about half of the Italians, who 
were randomly selected from all parts 
of the country, used no butter or mar- 
garine. Olive oil was used by most of 
the Italians in varying amounts, but 
was added to food after cooking. Poly- 
unsaturated oils such as corn, soybean, 
and sunflower were used in cooking 
to some extent. 

The results were clearest for butter 
and margarine on the one hand and 
olive oil on the other. In both men and 
women, the more butter and marga- 
rine that was consumed, the higher 
the levels of blood pressure, choles- 
terol, and blood glucose. But for those 
who used olive oil instead, the oppo- 
site was true. “Olive oil,” the report 
said, “may have beneficial effects . . .." 


Space station test 


Engineers at NASA's Lewis Research 
Center have successfully completed 
testing of photovoltaic arrays, devel- 
oped by Lockheed Corp., similar to 
those that will convert sunlight to 
electricity to power the space station. 

Because the solar panels will oper- 
ate at 160 volts, the highest voltage 
ever for solar cells aboard an Ameri- 
can spacecraft, NASA specialists were 
particularly concerned about short- 


Lockheed Corp. prototypes of the solar arrays that will power space 
station Freedom survive a test of NASKs Lewis Research Center. 


circuiting and arcing problems. Ear- 
lier studies had revealed that these 
phenomena could arise from electri- 
cal interactions between a solar-cell 
power source and the charged parti- 
cles found in the plasma environment 
of space at low Earth orbit. 

To simulate these conditions, the 
panels, each with 200 eight-by-eight- 
centimeter silicon solar cells, were 
placed in the vacuum chamber shown 
in the photo. They were illuminated 
by a light source that produced an in- 
tensity about a third that of the sun, 
and operated at various voltages while 
being exposed to plasma with ion den- 
sities ranging from 100 to 1,000,000 
ions per cubic centimeter. The arrays 
survived unscathed. 


Supergreenhouse 


“Frankly, I didn’t expect that our work 
would support the greenhouse-effect 
theories so strongly.” The statement 
is by Prof. Veerabhadran Ramanathan 
of the University of Chicago. And the 
study he refers to, which was pub- 
lished in the journal Nature, confirms 
a vital part of global warming predic- 
tions by showing that a “supergreen- 
house” is at work in the western Pa- 
cific Ocean. 

The research by Raman- 
athan and graduate student 
Ameet Raval is the first to 
test, by direct measure- 
ment, the theory that cli- 
mate warming due to such 
man-made gases as carbon 
dioxide is greatly magnified 
by atmospheric water—the 
most powerful greenhouse 
gas of all. The theory also 
holds that this amplification 
factor could be much great- 
er at the higher tempera- 
tures anticipated as Earth 
continues to heat up. 

The test was carried out 
by combining temperature 
and radiation measure 
ments taken from various 
satellites, ocean buoys, and 
ships. The greenhouse effect 
of the atmosphere was cal- 
culated from the humid 
equator to the dry poles. Re- 
sult: The varying amounts 
of water vapor produced al- 
most the exact greenhouse 
amplification predicted— 
with one exception. 

“We found a much strong- 
er effect than we expected 
in the western tropical Pa- 
cific Ocean,” says Raman- 
athan. “We need to under- 
stand this supergreenhouse 
effect because it could mean that 
greenhouse warming will become ex- 
ponentially greater after we reach a 
certain threshold.” 

That threshold is about 82 degrees 
E, which is reached only in certain 
parts of the Pacific. But that level 
could be reached in more of the oceans 
with continued global warming. And 
that, Ramanathan says, “could lead to 
a much stronger greenhouse effect 
than we have predicted.... I think 
that people who criticize the predic- 
tions of the greenhouse models will 
have a difficult time explaining these 
new findings." 

In the 1970s, Ramanathan was the 
first to explain the role of CFCs in 
greenhouse warming. 05 


POPULARSCIENCE APRIL 1990 | 27 


$t 


ONLY ONE CELLULAR 


EP 


Е: W: 


E 
= 
4 


Ej EE: 


BB 
B B ә =) 


ACTUAL SIZE 


Gives You THESE 
310 ADVANTAGES. 


. Just 1/2” wide and 28 ounces light. The one-piece 
Radio Shack CT-301 fits easily in your briefcase. 


. 1» hours of talk time. Rechargeable batteries 
deliver 15 hours of standby time—with no bulky 
power pack. 


- 832-channel capacity. For 25% improved calling 


access in expanded cellular networks. 


. Built-in memory. For accurate speed-dialing of up t 
40 phone numbers. 


. Cumulative call-timer. Tracks the amount of time 
your phone has been in use. 


. Electronic lock. Restricts unauthorized phone use. 


. Built to demanding specs. For quality you can 
feel . . . and hear. 


- Optional mounting kit. Use the CT-301 in your саг 
truck or van, then slip it out and take it with you. 


- One-year limited warranty. Backed nationwide! 


. No hassles! Radio Shack handles all the details of 
owning a CT-301. We obtain your personal cellular 
phone number and handle all initial paperwork. 


. Now $300 off! Right now, the CT-301 is only 
$499*, or just $20 per month**. That adds up to 
310 great reasons to buy the CT-301 . . . today. 


Automotive Newsfront 


By DAN McCOSH Detroit Editor with Norman S. Mayersohn in Detroit, David Scott in England, and Brian Nadel 


Excess baggage 


The Plymouth Voyager III car-within- 
a-minivan wins my vote as the wildest 
concept car at this year's North Amer- 
ican International Auto Show in De- 
troit. The two-piece vehicle addresses 
growing urban congestion by being 
able to shed its bulky aft section on 
the city's outskirts like a terrified her- 
mit crab, allowing the driver to con- 
tinue in a compact, fuel-efficient, and 
easy-to-park minicar. Even Robert 


had to admit that Voyager III is a long 
reach, stating, "This vehicle raises 
more questions than it answers. For 
example, how will fuel economy be 
measured for CAFE? Will it be li- 
censed as a truck or car?" 

The front module consists of a three- 
passenger short-wheelbase front-drive 
city car powered by a small four- 
cylinder propane engine. The rear sec- 
tion can carry five additional passen- 
gers and sports a 2.2-liter four-cylinder 
gas engine. Electronically linked, the 
engines combine for the equivalent of 
a 3.8-liter eight-cylinder engine, all 
in a package slightly longer and 
narrower than Chrysler's present 
minivan. 

This exercise might seem foolish, 
making for a lot of mother-in-law 
jokes, but Chrysler says the project 
was undertaken to stretch the design- 
ers' imagination as well as wheelbase. 
Along the way, engineers were able 
to solve some tricky mechanical prob- 


Lutz, president of Chrysler Motors, | 


Plymouth's Voyager III concept car is two vehicles in one: As a whole it is an all-wheel-drive minivan with two power plants and a 


stepped roof. 


Divided into its parts, Voyager MI becomes an ‘easy-to-maneuver front-drive 
minicar and a self-powered rear compartment. 


lems that included raising and lower- 
ing the city car’s rear wheels and de- 
veloping a “docking” maneuver to link 
the two. As Lutz also pointed out, 
“We're tweaking the tail of the gov- 
ernment here, saying that if you want 
innovative solutions, you'll have to do 
your part in regulation.” 

After the grins came some grudg- 
ing respect for the idea and its execu- 
tion. “It’s the only real ‘concept’ car 
in the show,” remarked a bystander. 


Two-stroke mania 


Museum pieces like a postwar Zün- 
dapp roadster, which was powered by 
a two-stroke motorcycle engine and 
lacked a reverse gear, but came with 
a short cane for pushing off from the 
curb, make it easy to treat the cur- 


rent fascination with two-stroke power 
plants as a bout with automotive 
whimsy. But today’s generation of ex- 
perimental two-stroke engines have 
the potential of using lighter, more 
compact power-train packages for a 
given power level, spawning a revolu- 
tion in automotive styling. 
Engineers from Saab, early propo- 
nents of two-stroke power trains, 
shook their heads when viewing the 
recent technological advances unveiled 
by Toyota and Fuji Heavy Industries 
(corporate parent of Subaru) at last 
November’s Tokyo Auto Show. Now 
Chrysler and GM are wading into the 
fray with two-stroke efforts shown at 
Detroit’s automotive showcase. 
Every peek under the hood reveals 
incremental improvement and a com- 
monality of approach. All, for exam- 
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The darlings of the Detroit Auto Show were a pair of experimental two-stroke engines: Chrysler's supercharged two-stroke engine (shown left) has 
been fitted into a Dodge Shadow and GM's normally aspirated engine was seen in a mini-roadster. 


ple, are pursuing some form of direct 
fuel injection, where gasoline is 
squirted into the combustion chamber 
at the precise moment when it can be 
completely burned before the piston 
reaches the bottom of its stroke. Be- 
yond that consensus, though, there is 
a split between proponents of a rail- 
type fuel distribution system and the 
compressed-air-driven injection de- 
veloped by Australia’s Orbital Engine 
Co., which is currently licensed to both 
GM and Ford. 

GM’s Orbital-based engine was in- 
stalled in a bright-yellow roadster de- 
signed several years back by Mark 
Jordan, who more recently penned the 
Mazda Miata. The GM CDS-2 (for 
Computer-controlled Direct-injection 
Stratified-charge Two-stroke) proto- 
type develops 110 horsepower from a 
three-cylinder aluminum block of 
1.5-liter displacement that weighs 
only 165 pounds, a 40 percent weight 
savings over an equally powerful four- 
stroke engine. 

Chrysler's effort, which goes by the 
equally cumbersome name of External 
Breathing Direct Injection (EBDD, 


uses a single-piece aluminum block. 
But the three-cylinder EBDI unit goes 
a step further by incorporating the 
fuel-injection rail within the block 
casting. Chrysler's effort has a dis- 
placement of 1.1 liters and develops 
100 hp, firing two spark plugs for each 
cylinder. Induction for the EBDI ex- 
perimental two-stroke is through a 
belt-driven centrifugal supercharger 
that provides cylinder scavenging 
without pumping air through the | 
crankcase. This allows a conventional 
wet sump lubrication system to be 
used, unlike the GM CDS-2, which re- 
lies on an oil mist to lubricate that 
engine's roller-bearing crankshaft. 
Blower scavenging is not new, having 
been used on two-stroke diesel truck | 
engines GM developed in the 1930s, 
but Chrysler engineers still chose to 
protect its design from corporate spies 
at the Detroit show by fitting photo- 
flash strobes under the hood to blind 
any effort to photograph the engine. 

The Chrysler engine appears to be 
the more fully worked out of the two, 
and showed sure signs of having been 
actually run. The package is compact 


The Eagle Optima pushes the passenger compartment forward to produce the first cab-forward 


car-styling exercise. Power comes from an aluminum multivalve V8. 


enough to fit between the front wheel 
wells of the Dodge Shadow, but hardly 
small enough for a new generation of. 
minicars as originally envisioned. 
Chrysler’s Tom Gale, vice president 
for product design, has been advocat- 
ing a new car shape that emphasizes 
short hoods and a maximum of inte- 
rior room, a concept hindered by bulky 
four-stroke drive trains. "Look at 
that," he said, pointing to the Chrysler 
two-stroke engine. “It’s put up or shut 
up now.” 


A peek under the hood 


There were other power-plant teasers 
under the hoods of the concept cars 
in Detroit this year. Chrysler housed 
an all-aluminum 32-valve four-liter 


| V8 in its elegant cab-forward Eagle 


Optima design, a sports sedan that | 
boasts more interior room than the 
current Ford Taurus. Insiders say the 
Optima will be the stylistic basis for 
a production car in the early 1990s. 
It's conventionally powered, with fore- 


| and-aft engine mounting and rear- 


wheel drive, a layout that—with the 
proliferation of transverse-engine 
front-wheel drives—may not be so con- 
ventional anymore. It's made possible 
by Chrysler's recent decision to con- 
centrate on this configuration for its 
eagerly awaited new platform. This 
flexible arrangement can accommo- 
date front-drive, rear-drive, and four- 
wheel drive with equal ease. 


Detroit's picks and pans 


* Not quite realistic, but with more 
radical ideas than anything else at the 
North American International Auto 
Show, was the Mercury Cyclone. The 
Cyclone is light years ahead of the 
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crowd, with fiber optic headlights and 
taillights, an overhead panel that can 
be electronically darkened, and a roof- 
mounted solar panel. 

* The Pontiac Sunfire is a 2*2 
sport coupe with minimal body over- 
hang and a two-piece door that eases 
access to the rear seat. 

* Buick's Bolero has more conven- 
tional proportions, and its gently 
rounded curves appear close to being 
producible—perhaps as the next gen- 
eration Skylark. Power comes from a 
200-hp supercharged 3.3-liter V6. 

* The Cadillac Aurora is GM's re- 
sponse to the recent sport sedan as- 
sault from Asia. Its swooping lines and 
all-wheel drive are radical departures 


adapted from the Allanté's 4.5-liter 
V8. 


GN's electric sports car 


The high point of the Los Angeles 
Auto Show was the unveiling of GM's 
Impact electric concept car. In a pub- 
lic relations flourish, GM's chairman, 
Roger Smith, rose to the rostrum and 
proclaimed that the Impact was not 
only the world's most advanced elec- 
trically powered car, but it was pro- 
ducible. Producible? Maybe. But the 


for Cadillac, while its power plant is | 


Sm Engineers install the Im- 
pact’s power inverter and 
recharging unit into the 
GM electric car (above). 
The car's central cooling 
ducts and horizontal array 
of headlights dominate its 
radical styling. 


sleek two-seater still lags in terms of 
practicality and cost. 

The primary reason is that the Im- 
pact is powered by 32 conventional 
10-volt lead-acid batteries that tip the 


scales at 870 pounds, more than one- | 


third of the electric car’s curb weight. 
While these cells push the power den- 
sity of lead-acid batteries, they are 
bulky, heavy, and have an estimated 
lifetime of only 20,000 miles. The price 


tag for a replacement battery pack is | 


said to be $1,500. All told, the cost of 
electricity and periodic battery re- 
placement for the Impact is about 12 
cents per mile versus about five cents 
per mile for a typical small gasoline- 
powered car. This does not include the 
purchase price, which even by the 
most optimistic estimates would be 
higher than a comparably sized gaso- 
line-powered car on the market. 

The battery pack’s 320-volt direct 
current flows to a power inverter/ 
recharger housed in a large aluminum 
box that snugly fits under the car’s 
hood (photo above). For brisk acceler- 
ation each front wheel is driven by an 
individual 57-hp AC motor with a 
10.5:1 final drive ratio. In fact, GM 
claims the Impact can win a drag race 
against a Mazda Miata or a Nissan 
300ZX. This is one of the major posi- 


tive aspects of using electric motors 
to power an automobile: essentially all 
torque is available immediately, not 
like the slowly building torque curve 
of an internal combustion engine. An 
electronic speed governor limits the 
electric motors to 11,900 rpm, which 
is good for a top speed of 75 mph. Tests 
at GM’s Arizona proving grounds es- 
timate the Impact’s range to be 120 
miles at 55 mph, and 124 miles for 
city driving where the drive motors 
act like generators to recharge the bat- 
teries while braking. 

But the car’s impact comes more as 
a result of its styling than from any 
technological advance. The fiberglass 
body is smoothly shaped, with the only 
visible sharp edge being the lip of the 
rear spoiler. Overall, the car achieves 
an ultra-sleek 0.19-coefficient-of-drag 
rating based on tests conducted at 
GM's wind tunnel.—B. N. 


All-wheel drive when you need it 

After throwing an all-wheel-drive car 
into a few tight turns, you can easily 
seduce yourself into feeling like Walter 
Mitty turned Formula One driver. It 
isn't until the car's limit is exceeded 
and you slide off the road in a blur of 
steel and rubber that the fact you're 
an impostor comes home to haunt you. 

Avoiding that overconfidence is the 
idea behind the Mercedes-Benz 4Matic 
drive train, which engages all-wheel 
drive only when it is needed. The 
4Matic relies on rear-wheel drive for 
most conditions, reserving front-drive 
for emergency situations. Data on 
wheel speed, brakes, and steering- 
wheel angle are combined in the 
4Matic control computer to monitor 
the vehicle's stability constantly. If 
nothing goes awry, four-wheel drive is 
engaged only under 12 mph to mini- 
mize wheel slip on acceleration. But 
at the first electronic hint of wheel- 
spin, 35 percent of torque is automat- 
ically sent forward to the front wheels 
via a planetary gear set, a hydraul- 
ically actuated clutch, and conven- 
tional half-shafts. If the instability 
continues, the center and eventually 
rear differentials are locked to appor- 
tion torque evenly to all four drive 
wheels. 

On an 1,100-mile trek through snow- 
bound New England this winter, I 
found the 4Matic system worked flaw- 
lessly. For example, at the instant the 
rear end began to fishtail, the extra 
grip from the powered front wheels 
pulled the car out of harm’s way faster 
than the mortified expression on my 
passenger’s face would return to rosy. 
A negative, though, is the 250 pounds 
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of 4Matic hardware and mandatory 
automatic transmission that make the 
single-overhead-cam six-cylinder en- 
gine feel downright sluggish. Coupling 
the sophisticated 4Matic system with 


the higher-output twin-cam would 
be a more judicious choice.—B. N. 


Super sound 


One of the more pleasant side effects 
of being stuck in traffic is being able 
to enjoy an exotic sound system in- 
stalled in your car. The latest to join 
the trend to offer ultra-refined, 
$1,000-plus stereo options is Hyundai, 
up to now best known as a maker of 
low-cost autos. 

Hyundai's 12-speaker option was 
developed by Polk Audio, and is one 
of the first mobile applications of an 
audio theory Polk calls its Stereo 
Dimensional Array. The system uses 
sound cancellation technology to elim- 
inate unwanted "cross talk"— sound 
signals intended for the left ear that 
reach the right ear a fraction of a sec- 
ond later, and vice versa. Sound can- 
cellation involves generating a wave- 
form in opposition to the original 
signal, effectively eliminating it. Clar- 
ity thus is greatly enhanced for the 
listener, according to Hyundai. 

Sound cancellation technology has 
been demonstrated to have other ben- 
efits unrelated to music. In theory, 
sound cancellation can be used as a 
way to reduce interior sound levels by 
cancelling annoying engine and tire 
vibrations, and even noise from the 
exhaust. 


At your CERVice 


Take my word for it: Within the next 
few months at least one car magazine 
will feature cutaway drawings of the 
GM СЕКУ Ш on its cover along with 
the world's most overused headline— 
"Is This the Next Corvette?" Naive 
readers will be led to believe that by 
1994 they'll be able to drop by their 
friendly Chevrolet dealer and pick up 
one of these mid-engine 650-hp active- 
suspension beauties for little more 
than cost of a Tokyo office tower. 

In fact, the CERV III (for third- 
generation Corporate Experimental 
Research Vehicle) is the newest off- 
Spring in a concept-car family that 
dates back to 1960. Most closely re- 
lated to the Corvette Indy that played 
the auto show circuit in 1986, this it- 
eration bears some fruit of more co- 
operation between engineers from GM 
and its British affiliate, Lotus. For ex- 
ample, CERV III is built around a cen- 
tral backbone structure like Lotus pro- 


U-HAUL SELLS 


HITCHES 


FOR THE GOOD TIMES! 


U-Haul' sells 
and installs the right 
custom hitch for your 
recreational needs. 

For whatever you drive, whatever you tow, U-Haul can provide 
everything from small hitches to complete towing systems. And every 
hitch carries a lifetime warranty, honored nationwide. So hook up to the 
good times with the hitch professionals at U-Haul. 

Call now for a free Select-A-Hitch Guide at 1-800-528-0361. 


BUY ONE 
GET 99 
FREE 


You can buy 100 paper air filter replacements for your motorcycle — with 
an average life expectancy of 10,000 miles each — and still not surpass the 
performance and quality of just one K&N Filtercharger*. That's because you 
not only get the protection of our exclusive Million Mile Warranty* but also you 
get the bonus of true, "bolt-on" horsepower thanks to Filtercharger's unique, 
oiled cotton gauze and screen construction. If you're looking for the ultimate 


in long-lasting performance for your motorcycle, ЖЄ: E 


Filtercharger's where you'll find it. 

“See complete warranty for details. 

RIDE SAFE — Motorcycles with an abundance of horsepower 
can be extremely dangerous at high speeds. Always wear 
safe riding gear and know when to shut 'er down. 


Available at your local motorcycle dealer 


FILTERCHARGER 
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turtle wax^ WITH VALVOLINE 
CONSUMER REFUND OFFER 


BUY: Equivalent of 12 quarts of Valvoline OR have 
your oil professionally changed using Valvoline AND 
buy qualified Turtle Wax Super Hard Shell Products 
and Valvoline will refund the price of the Turtle Wax 
up to $4.49 excluding tax. To receive refund, com- 
plete official refund form and mail with proofs of 
purchase 
SEND: Sales receipt for Valvoline (price circled) dated 
from 4/1/90 to 5/31/90 AND UPC codes from (check 
опе): 
— Bottom of any Valvoline case 
— 12 1-quart bottles 
— 24 16-02. bottles 
— 3 *-gallon containers 
— Service receipt from one professionally 
installed oil change using Valvoline 
UPC codes can be removed without damaging the 
container by lightly scoring and peeling the UPC 
code. 
AND: Sales receipt for Turtle Wax (price circled) 
dated from 4/1/90 to 5/31/90 (check one) 
Super Hard Shell Liquid, 10.75 oz. (T-127) 
— Super Hard Shell Liquid, 16 oz. (T-123) 
Super Hard Shell Paste, 9.5 oz. (T-223) 
— Super Hard Shell Paste, 14 oz. (T-222) 
Super Hard Shell Silicone Wax, 18 oz. (T-3D) 
— Non-Abrasive Liquid, 16 oz. (T-130) 
Non-Abrasive Paste, 13 oz. (T-131) 
Refund requests must be made on official forms and 
may not be mechanically reproduced. One refund per 
envelope. Limit of one refund per household, address 
or organization. Offer void where prohibited, taxed or 
otherwise restricted by law. Refund checks must be 
cashed within 90 days. Allow 8 weeks for refund 
delivery. 


This refund may not be used in conjunction with any 
other Valvoline coupon offer. Materials become the 
property of Valvoline, Inc. 


OFFICIAL REFUND FORM 
Name 

Addres: 

City 

State 

Price paid for turtle wax’ 


What brand of m 


buy most often? 


What brand of 
buy most ofter 


Mail to 

Valvoline/turtle wax Consumer 

P.O. Box 8033 

London, KY 40742-8033 
Refunds must be postmarked by 
June 30, 1990. 
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CERV III, the latest GM Corporate Experimental Research Vehicle, is rumored to preview the shape 


of mid-'90s Corvettes. Don’t count on a midships-mounted 650-hp power plant, however. 


duction cars, with all the major suspen- 
sion and drive-line components bolted 
to this box-section member. Thanks to 
the use of carbon-fiber composite con- 
struction, the backbone weighs just 38 
| pounds and the passengers are iso- 

lated from road disturbances by hy- 
| draulic mounts installed between the 
body shell and the backbone structure. 
| Lotus influence is also present in 
the active suspension system. The en- 
gineers have expanded its usefulness 
by integrating the suspension func- 
tions with active torque distribution 
to all four wheels. It’s also linked by 
computer to a rear-wheel steering 
mechanism, so it can compensate for 
crosswind conditions or allow tighter 
| turning in low-speed maneuvers. Anti- 
| lock for the brakes and anti-wheelspin 


controls work directly on the brake 
and accelerator pedals, rather than 
controlling the wheel motions, so the 
driver can override their suggestions. 

Some of the equipment on CERV III 
is truly exotic. The brakes make ex- 
tensive use of carbon fiber, and a to- 
tal of 10 radiators control the temper- 
ature of everything from the engine 
coolant to the hydraulic fluid for the 
active suspension. Some of the bits are 
right out of the GM parts bin though. 
The basic LT5 engine block and heads 
are used, though internal components 
were beefed up for reliability under 
the 12-psi boost of twin turbocharg- 
ers. The tires, too, appear to be pro- 
duction ZR-1 rubber. 

By Chevrolet's calculations, the 
CERV III will pull 1.1 g on the skid 


INTERNAL SIDE VIEW 


Optical refraction and reflection are com- 
bined in a clever side-view mirror design that 
is integrated into the door for minimal aero- 
dynamic drag, wind noise, lowered risk of 
damage and personal injury, and consistent 
image quality. The device consists of sepa- 
rate internal and external prisms joined by 
a mirror, with only a low-profile bulge out- 
side the lower front corner of the driver's 
window (see illustration). The optical array 
first fans out the driver's sight line across a 
wide mirror that is partially inside the car, 
then bends the reflection sharply back along- 
side the car's body for a full side view. The 
mirror element is remotely adjustable for 
aiming, and can be convex for a wide-angle 
outlook of the world behind. The periscope- 
like viewing port gives the driver the addi- 
tional benefit of not having to peer through 
a dirty window, and the image appears fo- 
cused at infinity, easing eye adjustment. The 
mirror concept is under development in Brit- 
ain by De Montefort Management, which 
foresees replacing bulky solid prisms with 
molded fresnel lenses for substantial weight 
and cost savings.—D. S. 


RUSSELL VON SAUERS 


"Un ng PER HARD SHELL: 


FREE! 


ANY CONTAINER OF Paste Or Liquid 
TURTLE МАХ" SUPER HARD SHELL CAR WAX. 


павет SELLING CAR WAX 


Protect your car inside and 
out with this special offer 
from Valvoline’ motor oil 
and Turtle Wax: 

This offer is good when 
you buy 12 quarts of 
Valvoline motor oil at a 
participating retailer, OR if 


you have your oil changed, < j 


using Valvoline, at a parti- 


cipating motor oil installer < 


PEO 


Valvoline Inc. A 


Simply buy Valvoline 
and Turtle Wax, and 
we'll refund the price of 
the Turtle Wax up toa 
maximum retail price of 
$4449 Save your sales 
receipts. 

Look on the opposite 
page for details and your 
_ Official money-back 
- certificate. 


d Oil, Inc 3.1 ехіпоіоп, KY 408 Valvoline Oil Company 
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fatal, while the IBC sheet steel barrier (bot- 
tom) filled with sand absorbs much of the impact, 


pad and do 225 mph on the straighta- 
way, yet the engineers call it a “safety 
machine” because the advanced sus- 
pension, all-wheel drive, and hyper- 
capable braking systems make it so 
forgiving of driver error. Given what 
it must have cost to build this proto- 
type, any effort to make it goof-proof 
is money well spent.—N. S. M. 


Safer highways 

Highway barriers have been designed 
primarily with sturdiness, cost, and 
ease of construction in mind. The ev- 
olution has progressed from early 
wood posts to steel guard rails to the 
concrete Jersey barrier that has been 
in vogue for the past three decades. 
Now a new design from International 
Barrier Corp. of Washington, D.C., 
puts a premium on safely absorbing 
and redirecting the impact of an acci- 
dent. Highway tests show it to be a 
safer alternative to concrete barriers, 
and it has recently been approved for 
use by the federal government. 

The IBC MK-5 and MK-7 barriers 
are made of galvanized sheet steel fab- 
ricated into boxes that are filled with 
gravel, loose rock or sand, and in some 


cases a small amount of cement (draw- 
ing left). The bins are linked end to 
end to form a continuous barrier be- 
tween traffic lanes. The key is that 
while concrete barriers are rigid, the 
IBC barrier distorts and moves slight- 
ly on impact without breaking the 
overall structure. Says Lincoln Cobb, 
IBC’s chief designer: “It acts like a 
great big cushion to redirect the car 
safely.” A major collision with the MK 
barrier still causes damage, but 60 
percent less than a similar encounter 
with a concrete Jersey barrier, based 
on a test strip of IBC barriers installed 
on a Florida interstate. Cobb empha- 
sizes that with the IBC barrier there 
is virtually no chance of the car roll- 
ing over as the result of hitting the 
median barrier, which is by far the 
most likely cause of death and seri- 
ous injury in a highway accident. For 
instance, tests show that an 1,800- 
pound Honda Civic striking the IBC 
MK-7 barrier at 70 mph and a 20-de- 
gree angle was smoothly brought to а 
halt with no wheels leaving the tar- 
mac. By contrast, under the same con- 
ditions, the lower flared part of the 
Jersey barrier acted like a ramp, 
launching the test car into the air and 
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resulting in a dangerous turnover. 
But an accident involving a truck 
is where the IBC barrier really shows 
its stuff. Tests show that a 40,000- 
pound tractor trailer traveling at 50 
mph smashed through a Jersey bar- 
rier, spilling its cargo onto the oncom- 
ing lane of traffic. When driven into 
the IBC barrier filled with sand and 
cement, a truck weighing twice as 
much was safely redirected.—B. N. 


Saab’s engine grows 


Clearly wedded to four-cylinder power 
plants for the short run, Saab has 
come up with a 2.3-liter engine that’s 
its first new engine in 15 years. Four- 
cylinder engines excel in terms of 
weight, size, and economy, but lack the 
smoothness of an in-line six, V6, or 
V8 because of vibrations caused by 
secondary inertia forces. The Swedish 
auto maker beat this inherent draw- 
back by calming the roughness with 
a pair of chain-driven counter-rotating 
balance shafts. The shafts are set at 
different heights in the engine's cast- 
iron block in a layout licensed from 
Mitsubishi and used by a variety of 
other car makers the world over. 


GOOD-VIBRATIONS VAN 


The pattern on this European Ford Transit 
panel van is not the latest in trendy paint 
designs nor the work of a graffiti artist. It is 
a computer-drawn contour map showing the 
level of vibration and hence the source of 
noise at different locations. The color shows 
the vibrations’ intensity, with red indicating 
the SOUS and violet the weakest. 


A laser beam scans the van's body while 
it is driven over a rolling road to simulate 
normal use. Local surface deflections of the 
sheet metal alter the frequency of light 
reflected, and a computer processes the data 
as a graphic display. The contour map shown 
here was superimposed on the van's side 
panel to aii the relative strength and 
distribution of vibra- 
tion, showing engi- 
neers where the truck 
needs reinforcement. 
This technique, called 
scanning laser inter- 
ferometry, can also be 
applied to engine cyl- 
inder blocks and other 
automotive compon- 
ents as an aid to noise- 
source reduction. — 
D. S. 


The cylinder head is Saab's current 
twin-cam unit with a more efficient 
combustion chamber. Equipped with 
a catalytic converter, the naturally as- 


pirated engine delivers 150 hp at 5,500 
rpm, up 22 hp compared with the pres- 
ent two-liter engine. The next step is 
a turbocharged version.—D. S. 


e 
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e New Champion SWITCH. The Battery With A Spare. 
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SOME NIGHTS, EVERYTHING GLOWS 


Electronics Newsfront 


By WILLIAM J. HAWKINS with Ralph Dosser 


A SERODS disc of a size shown here by Tuan Vo-Dinh could hold more thon one million 300-page 
novels—many more than what's shown on these shelves. 


Squeezing data into molecules 


A radical new optical data storage 
technology developed at Oak Ridge 
National Laboratory could lead to at 
least a 1,000-fold increase in the 
amount of data that can be stored in 
a given space, with a 54-inch disc car- 
rying as much as 1,000 billion bytes 
(one terabyte) of information. “In cur- 
rent technology, you make a physical 
hole in a surface, and you are limited 
by how much you can modify the pits,” 
says Tuan Vo-Dinh of ORNL. “Our 
technology is based on making a 
change at the molecular level.” 

The technology, called SERODS 
(Surface-Enhanced Raman Optical 
Data Storage), uses the Raman Effect, 
the fact that every molecule scatters 
light in a unique way so that it stamps 
a light beam with its own “signature.” 
That light also contains information 
about the molecule’s energy state. 
ORNL researchers proved that a la- 
ser can permanently change the en- 
ergy state of a set of molecules, and 


another laser can go back and detect 
the change. Where current technology 
stores data by the presence or absence 
of pits burned in reflective surfaces, 
SERODS can store them in fields of 
several hundred changed or un- 
changed molecules. Vo-Dinh believes 
it can be improved so “you can store 
one bit of information [representing 
a zero or one] in the signal of one mol- 
ecule.” Using a transparent substrate, 
many layers of material could be 
stacked, creating blocks of incredibly 
dense memory. 

The change is permanent, so the 
system is “write-once, read-many,” an 
advantage to users who don't want 
data altered. And because the infor- 
mation can only be read by one or 
more lasers tuned to specific frequen- 
cies, it is safe from unwanted readers. 

ORNL has applied for a patent, but 
is not planning to develop the tech- 
nology itself. “We are not in the opti- 
cal data storage business and don't 
know much about the highly techni- 
cal, advanced parts,” says Guyven 


Yalcintas, director of ORNLs Office 
of Technology Applications. The lab 
is looking to others to take on devel- 
opment of a commercial product, 
which Yalcintas estimates will take at 
least two years and cost $5 million. “I 
have been talking with ninety-plus 
companies, and twenty-five or thirty 
have signed confidentiality agree- 
ments,” he says. “They’re not just com- 
ing here to kick the tires, they’re 
looking at it seriously"—R. D. 


Smile 


Video telephones let you see your cal- 
ler as well as talk to him over the 
phone line. While the idea is to help 
bring people together, the U.S. Immi- 
gration and Naturalization Service 
has a different idea. Using Image Data 
Corp.’s Photophones, agents in border 
offices and ports of entry send color 
pictures of documents to the agency's 
Forensic Document Lab. Within min- 
utes, credentials can be verified. 


Super supermarkets 


Remember when supermarkets paid 
you dividends to shop by giving you 
stamps to paste in a book and redeem 
for free gifts? Remember when a clerk 
actually bagged your groceries? If 
CheckRobot Inc. of Deerfield Beach, 
Fla., has its way, the days of a check- 
out clerk tallying your bill might be 
a fond memory too. The company has 
developed an automated system for the 
shopper. To check out, you put your 
groceries on a conveyor where each 
item is scanned. Each is weighed too, 
so the scanner data and approximate 
weight must match. That prevents ca- 
gey connoisseurs from switching la- 
bels. Then after you pay, of course, you 
can bag, reload the cart, and push it 
to the car. Now that's technology. 


Time-share TV 


Rental condominiums and time-share 
units at best offer only basic cable TV 
services. That's because there's no way 
to bill separate guests. Now TwixTel 
Technologies in Framingham, Mass., 
has a remedy: an interactive cable/ 
telephone system that lets you pay for 
special events or movies as you use 
them. Using a Touch-Tone phone, you 
make requests and add the charges 
to your credit card (about $4 a day 
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for premium services). Movies from 
Showtime, Disney, Cinemax, HBO, 
and The Movie Channel are availa- 
ble, and the system also includes ho- 
tel-like amenities such as one-touch di- 
aling for local restaurants, information 
on local events, medical services, road 
conditions, and wake-up calls. The 
first installation is in Keystone, Colo. 


Info keeper 


Kodak has introduced a 14-inch opti- 
cal disc that stores up to 8.2 gigabytes 
of data—20 percent more than discs 
now available. The company also has 
the largest automated disc library—a 
“jukebox” that selects from up to five 
5.25-inch optical discs. The $25,000 
three-square-foot box will then hold 
75 gigabytes of data. Kodak estimates 
that’s equivalent to all the informa- 
tion you could cram in about 4,000 
two-drawer file cabinets. 


If it looks like a computer... 


Apple Computer is quick to pursue le- 
gally any company that creates a com- 
puter with the “look and feel” of a 
Macintosh. Apple presently has suits 


pending against Microsoft and Hew- 
lett-Packard. But Xerox has looks and 
feelings too. The company says the 
Mac looks like the work it did about 
10 years ago on its Star computer and 
feels Apple owes it $150 million in roy- 
alties and damages. 

Unfortunately, all of this could even- 
tually hurt future generations of com- 
puter users. If companies can patent 
all the “looks and feel" of their ma- 
chines, no two computers will ever 
work alike. That will accomplish 
nothing but to discourage computer 
neophytes. 


Commercials as you shop 


Pioneer, United Artists Entertainment 
Corp., and United International Hold- 
ings have teamed to bring us a new 
medium: MallVision. Video monitors 
and walls of video monitors are to be 
placed in major shopping malls 
throughout the country and will show 
still-frame and full-motion images 
delivered via specially made video- 
discs. Purpose: display video ads from 
the local stores. “It gives the merchant 
one last chance at selling a customer 
on an item,” says a company spokes- 


No matter where you stay, you’ll see 
some of the most spectacular scenery on 
earth. But go camping and you'll see 
some of the most spectacular scenery 
beyond. For a free Vacation Guide, call 
ext. 138 or write Colorado Tourism, Box 
38700, Dept. 138, Denver, CO 80238. 


In Colorado, Some Places To Stay Have 
Five Stars And Some Have A Few More. 


Name 

Address 

City State__ | 

Zip Phone ______ 
1-800-433-2656 


man. Pioneer estimates that an ad will 
be seen by more than one million cus- 
tomers a month in an average-size 
mall. A pilot system has been tested 
in St. Petersburg, Fla., for the past 
year. 


Car 54... 


You're driving down an old country 
road. Beautiful scenes fill your eyes, 
but terror fills your heart: You're 
hopelessly lost and low on fuel. What 
to do? Pop a CD into a special player 
and relax. Music? At a time like this? 
No. This new version—a CD-ROM—is 
from Blaupunkt and it contains a map 
of the area, including the route to the 
nearest gas station. 

Called TravelPilot, the mapping sys- 
tem uses a flux-gate compass to de- 
termine your position electronically. 
The data are compared with those 
Stored on the CD-ROM, allowing your 
location to be computed and displayed 
on a video monitor. Included in the 
data are details such as airport maps, 
restaurants, hotels, hospitals, parks, 
beaches, and even scenic routes to a 
destination. 

Samsung is working on a similar 
system, except it uses radio transmit- 
ters strategically located to allow the 
car electronics to determine your 
location. 

While neither system is yet availa- 
ble, they soon could be, and it means 
that electronics makers seem to be fol- 
lowing a trend: Electronic mapping 
could be the next wave of gear to hit 
the instrument panel. But will the sys- 
tems be successful? Etak, the first 
electronic mapping system, never got 
far. GM bought the rights to the Etak 
system, but a spokesman for the auto 
maker recently told Detroit Editor 
Dan McCosh that it has no plans to 
install navigation systems in cars un- 
til the mid-'90s. 


They're off! 

The latest speed record for transistors: 
250 billion cycles per second, set by 
Hughes Research Lab in Malibu, Cal- 
if. That's about 20 percent faster than 
other high-speed devices. 


IBM was one of the first to offer a com- 
puter using Intel’s newest i486 micro- 
processor, but the system was actually 
a plug-in board upgrade for the com- 
pany's PS/2 Model 70-A21. Now, for 
$12,990, the PS/2 Model 70-486 is 
available: a complete 486 machine 
with a 120-megabyte hard disk. 


42 | POPULAR SCIENCE APRIL 1990 


What goes around 


If it concerns you that Japan is buying 
up American companies and property, 
follow this: Polly Peck International, 
a United Kingdom trading and man- 
ufacturing company, has bought 51 
percent of Sansui of Japan. So while 
Japan is buying us, England is buy- 
ing them, which eventually could 
mean that we'll someday be owned by 
the British. Now doesn't that sound 
familiar? 


What's on channel red? 


Changing the channel on your TV set 
or tuning a radio is done by heter- 
odyning—mixing—one frequency 
against another that shifts as you 
tune. Bellcore is using the same idea 
in a new receiver. The difference: The 
company is trying to put the complete 
receiver on a single integrated circuit 
chip and make it work with light, not 
radio waves. 

Called an optoelectronic integrated 
circuit, the chip is designed to tune 
light channels sent at different wave- 
lengths via fiber-optic cable. To do it, 
the light from the fiber input (see 


Bellcore's optoelectronic chip of the future is a complete receiver for fiber-optic communications 
systems. Versions of this could also be used to boost laser light signals over long distances. 


drawing) is detected by a photodiode 
and its signal sent to a receiver. That 
signal is mixed with another—from 
an internal frequency-controlled laser. 
By changing the frequency of light 
from the internal laser, the mixing 
frequency changes at the receiver, and 
a new fiber-optic light channel is 
selected. 


BALANCED 
RECEIVER 


The chip is still in the design stage 
because the materials used to receive 
and create a laser light source are too 
dissimilar to fabricate together. But 
the success of chips such as this would 
mean a low-cost solution to fiber-optic 
delivery of video and multi-commun- 
ications systems to our homes. Good- 
bye, cable. 


“Cambridge SoundWorks May Have 
The Best Value In The World. AWinner’ 


David Clark, Audio Magazine, Sept. '89 


‘Kloss, creator of the 
ndun peker melet 


Cambridge SoundWorks has created Ensemble; 


in your room. And because we market it 1 
Ensemble costs hundreds less than it would in stores. 


with Ensemble, not against it. 


No matter how well a speaker performs, at 
your room takes over. Putting other: where 
the room helps the bass may hinder the upper ranges, 


or vice-versa. Ensemble consists of four units: two 


EE 


== | 


Try Ensemble in your home 

risk-free for 30 days. 
ехрепе кей . can 
Beem the gt vy your home Ex 30 days, 
with no risk, no salesman hovering nearby. 
itis che value on today's speaker market. For litera- 
ture, expert advice, or to order, call 1-800-252-4434 
9 AMto Midnight, (ET), seven days a week. 


Pu can put Ensembles low 


frequency units exactly where. 
speakers because you have to be concerned about the upper, 


the same enclosures as the low ones. 


‘Should go for superb bass. You can't do this with conventional 
T 


| AL$499* 


‘piv separate, compact 
bass units. They fit 


Ensemble isa Trademark of Cambridge SoundWorks, Inc. Reprinted with 
the sent AM Mage ©! 1989 Diamandis Communications. 


[eR 


| Suite 126A 154 Califomia St., Newton, MA 02158 
| О Send more information and test reports. | 
C1 Send Ensemble risk-free for 30 days, for $499* 

| E Send an Ensemble Gift Certificate for $499° | 


Tm paying by Check OMC О Visa О AmEx 
Exp 


State. Zip. 


Phone (Area Code). 
| FOR IMMEDIATE SERVICE: 1-800-AKA-HIFI. 

‘We ship worldwide, including APO & FPO. | 
| МА residents add 5% sales tax. 
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Electronics Newsfront 
A little look 


Microscopic inspection of components 
— from circuit boards to aircraft wings 
—usually requires complex tech- 
niques. Now Edmund Scientific of 
Barrington, N.J., has strapped a fiber- 
optic light source to a CCD video 
imager that looks like a shirt-pocket 
flashlight. Rub the device directly 
across the surface of a component and 
the CCD produces an image on a video 
display with 100X magnification. 

The $8,900 tool can eliminate the 
need to take samples of materials for 
conventional microscopic checks, and 
it lets an operator quickly look at any 
spot at random. 


Components to go 


Personal stereos like the Walkman are 
a bit too personal when you'd like oth- 
ers to enjoy the music too. Manufac- 
turers have tried to cure that with tiny 
add-on speakers, but the original 
concept—good sound from a totable 
package— gets lost quickly in a maze 
of wires coupled to inadequate speak- 
ers. Now there's another approach. 
Cambridge SoundWorks' Model 


Edmund Scientific’s Micro-Scanner microscopic probe views objects such as the threads in a piece of 
textile with 100 х power 


Eleven—a transportable component 
music system—comes in a small suit- 
case (6⁄4 by 16% by 19¥ inches) that 
also serves as the enclosure for a 
seven-inch acoustic suspension woofer 


for reproducing bass. Removable sat- 
ellite speakers produce the mid to high 
frequencies and stereo separation. 
The $599 price includes a 36-watt 
amplifier. 


If you're looking for quality additives that will help you go the 
distance, look to 104 + Octane Boost. Every product we make gives 
you power, performance and protection for miles to come 


These days it makes sense to buy quality products for the life of your 
car. Octane Boost is the first place to look for additives that will make 
your car last 

So don't trust your second most expensive investment to anything 
less. Quality 104 + Octane Boost. We'll keep you running for a long 
long time 
Tell us how long you've been using 104+ Octane Boost products and 
we'll send you a free gift. Write to: Free Gift; 1901 Central Drive; Suite 710; 
Bedford, TX 76021. 


Order Octane Boost 

products direct: Racing Decal. 

Full color logo sticks on any clean. 
smooth surface. 7"x3". Four for $1.05. 


YS 


NS 


FOR THE DEALER NEAREST YOU 
CALL 1-800-PAR-3336. 


OCTANE BOOST CORPORATION 


Box271148 Dallas, Texas 75227 
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The Cambridge SoundWorks Model Eleven uses 
a built-in woofer and satellite speakers for ser- 
ious listeners who want a transportable system. 


Its sound is excellent, but like any 
system, it depends on the source ma- 
terial and satellite speaker placement. 
But there’s a fundamental problem 
with the Model Eleven: Where do you 


use it? It’s not portable—it weighs 23 
pounds. Transport it somewhere (like 
a college dorm) and leave it there? 
That sort of defeats the purpose of 
buying a unit that’s made to be on 
the move. And while the system will 
work in a car or RV (operates on 12 
VDC), those are limited uses too. 
Bottom line: The Model Eleven is 
made for those who love music 
—and are willing to go a bit 
out of their way to listen to 

it. 


Roger Rabbit 
and me 


A few months ago, Vid- 


eonics announced that 

its professional video edi- 

tor was ready to be shipped to 

dealers. I had a chance to try one of 

the first machines. To use the $1,500 

ProED, I needed two editing VCRs 

from Panasonic’s AG series and a mon- 
itor with video inputs. 

Using the computerized editor, I 
marked three scenes from “Who 
Framed Roger Rabbit?” I selected 
graphics for the opening of one scene, 
chose a color background, and added 


a title. Using one of ProED’s 17 spe- 
cial effects, I had the graphics wipe 
into the action. ProED assembled the 
scenes, recording them directly from 
the original tape. In minutes, my 


mini-movie was ready for its premiere. 
Traveling light 

How portable is Compaq's LTE/286 
computer? To find out, I took one home 
from the office. The first leg of my 
commute was a grueling one: a 20- 
minute walk—more like a trot, actu- 
ally—to the bus station. The “note- 
book” computer, at 6.7 pounds, felt 
more like an encyclopedia by the time 
Ireached the depot. It could be worse, 
I thought, remembering a then-state- 
of-the-art 16-pounder I had lugged 
across the country two years ago. 

One item I didn’t have to bring 
home: a diskette. Compaq's lap-top has 
a hard disk drive. It’s the most pow- 
erful notebook computer you can buy, 
but also the most expensive ($4,999 
with a 40-megabyte disk). 

My only complaints about the 
LTE/286: the keyboard is cramped, 
and there’s no room to read between 
the lines on the screen. us 
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Home Newsfront 


By V. ELAINE GILMORE with Timothy О. Bakke, Cheryl M. Fiorillo, and Marcelle M. Soviero 


Wright gets smart 


Frank Lloyd Wright turned out more 
than 1,100 designs in his long career, 
but only 425 have been built so far. 
Since his death in 1959 at age 91, the 
architect's drawings have been stashed 
away in the archives of the Frank 
Lloyd Wright Foundation in Arizona. 

Now a few of those plans are turn- 
ing into projects. If you have several 
million dollars to spend and don't 
mind working with an architect and 
builder approved by the foundation, 
you can own a new Frank Lloyd 
Wright residence. 

The latest project: Boulder House, 
so named because Wright intended to 
use boulders found on site in the 
footings. 

Boulder House is being built by Los 
Angeles developer Charles Klotsche, 
who expects to create the first-ever 
Frank Lloyd Wright “smart house.” 
“There'll be a lot of high-tech stuff,” 
he says. “A master panel in the entry 
area will electronically control the 
saunas, hot tubs, and fireplaces. We're 
trying to arrange electronic control 
from the owner's car.” Which home- 
automation system the developer will 
employ has yet to be determined. 

Klotsche began working with the 
foundation in the early 1980s. Their 
first project together was Pottery 
House, designed by Wright sometime 
between the late 1930s and early 
1940s for a site in El Paso, Texas. It 
was built by Klotsche in Santa Fe, 
N.M., in 1985. The developer lived in 
this $2-million-plus creation until it 
was sold and he moved to Los Angeles. 

Like Pottery House, the location of 
the Boulder House has changed—from 
Palm Springs to Malibu, Calif. The ex- 


Frank Lloyd Wright's stunning Boulder House, to be built from plans drawn 40 years before, will grace the California coastline in 1991. 


terior design of the residence will re- 
main the same: a graceful, snaking 
triad of copper-roofed elliptical domes 
connected by sweeping glass arcs com- 
manding panoramic views of surround- 
ing bodies of water—pools and a moat. 
There will be one minor change 
though. The namesake boulders will 
be transposed to the chimney tower. 

Interior changes will reflect today’s 
penchant for larger kitchens and 
baths. Footage will also be added to 
the master suite. Walk-in closets will 
be created. 

What price Wright? Klotsche ex- 
pects to clear $4 million when he sells 
Boulder House after an investment of 
over $3 million. Seven million dollars 
or so and the house is yours.— 
C. M.F 


Using used siding 


Recycling, long promoted, but seldom 
practiced, is finally gaining momen- 
tum. Now it has come to vinyl siding. 

The Home Improvement Industries 
Council and Shuman Plastics have be- 
gun a program in the Buffalo, N.Y., 
area that encourages vinyl-siding con- 
tractors to recycle scrap siding. Four 
wholesale distributing companies in 
the area—members of HIIC—serve as 
drop-off points. Shuman then collects 
the scrap vinyl and reprocesses it for 
use in PVC pipes and fittings, drain- 
age systems, garden furniture, lawn 
edging, fence posts, and other prod- 
ucts made from vinyl. 

For more information on plastic 
recycling or on how to start a similar 
program, write to Gene Farrell, Shu- 
man Plastics, 35 Neoga St., Depew, 
N.Y. 14043, or call (716) 685-2121. 
—T. 0. B. 


More perks 


Sage Advance Corp/s Copper Cricket 
is even better than earlier tests indi- 
cated. In July 1989 POPULAR SCIENCE 
described the Copper Cricket solar 
water heater ["Solar Heat with Perks"] 
and gave the percentage of hot water 
the unit would provide households in 
five cities across the country. Those 
percentages were the result of sun 
shining on horizontal solar collection 
surfaces, and the Oregon Department 
of Energy has rightly pointed out that 
they should have been based on a 
collector-surface tilt of 30 degrees. The 
new calculations result in a four- to 
five-percent across-the-board improve- 
ment of the Copper Cricket. That 
means a system could be expected to 
supply between 47 and 95 percent of 
a standard household's hot water, 
depending on location.—T. О. B. 


Better-quality houses? 


When I was house-hunting in the New 
York metropolitan area a number of 
years ago, I was dismayed at the poor 
quality of many new houses I visited. 
Although the houses were supposedly 
built to code, minimum building-code 
standards are just that —minimums. 
And my critical eye was not satisfied 
with those minimums, which in some 
cases resulted in bouncy floors and 
flimsy exteriors. 

Code Plus, a new program sponsored 
by the American Plywood Association, 
appears intended to address my mis- 
givings. Builders who participate in 
the program agree to meet standards 
for floor, wall, and roof sheathing that 
are somewhat stricter than conven- 
tional codes—hence the program's 
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WE'RE EASY. 


EASY TO INSTALL. EASY TO USE. EASY TO MAINTAIN. 


And, you save time, water and money. That's what 
makes the RAINDRIP drip watering system so 
attractive to the home gardener and why it's the best 
watering system available. 


RAINDRIP has a kit for every gardening need and 
a complete line of parts and accessories, that come 
with detailed instructions for easy installation. All 
you really have to know is how to turn on the faucet 
or set a timer. 


RAINDRIP 


The versatile RAINDRIP system works as easily on 
hanging plants as it does on trees and vegetables, 
whether your garden is on a hill or in a valley. 
RAINDRIP delivers precise amounts of water and 
fertilizer...slowly and evenly, directly to the root 
zone. Plants love this technique...and they show it. 


We're easy, but effective! And you'll be saving all that 
water and money, with 
so little effort. 


-.. Easily, the best drip watering system you can own. 


For more information and a dealer near you, call: RAINDRIP INC. In CA 1(800) 367-3747 Outside CA 1(800) 544-3747 


Home Newsfront 


name. The APA had hoped to sign up 
300 builders in 1989; it enlisted 700. 

А Code Plus floor, for example, 
would be made of?42-inch-thick APA- 
rated tongue-and-groove panels placed 
over joists 16 inches on center or 
%-inch panels over 24-inch o.c. joists, 
with all edges glued and nailed. Most 
model codes specify only that a panel 
conform to its stated span rating, 
which could mean using a '%2-inch 
panel nailed over 16-inch o.c. joists. 

Code Plus exterior walls must be 
sheathed with APA-rated structural 
panels, whereas codes in most areas 
permit nonstructural foam or fiber- 
board sheathing with corner bracing. 

The roof, the third area addressed 
by Code Plus, must have at least 
1%-inch-thick APA-rated sheathing, 
which hasa ?Acspan rating, over 24- 
inch o.c. supports. (Span rating refers 
to the minimum support spacing when 
used for either roof sheathing—the 
first number—or flooring, the second. 
Code Plus exceeds the span ratings.) 
For a roof with 16-inch o.c. supports, 
"Ae-inch sheathing, with a 2%6 span 
rating, is specified. Most building-code 
minimums require only that the roof 
supports comply with a panel's span 
rating and load. Also, Code Plus re- 
quires that panels be spaced Ys inch at 
all edges and ends to allow for expan- 
sion and prevent buckling. 

What does all this extra-thick 
sheathing mean? Do you end up with 
a house that is more structurally 
sound or one that is necessarily of bet- 
ter quality than one built to normal 
minimum standards? Using glue on 
floor panels may reduce squeaking, 
and structural-panel exterior sheath- 
ing does provide a good nailing base 
for siding, but the program may be 
about selling more plywood rather 
than building better houses. 

“As I understand it, APA Code Plus 
is a promotional program intended to 
induce builders to use thicker sheath- 
ing than the code requires,” explained 
Tom Frost, manager of evaluation 
services for Building Officials and 
Code Administrators International in 
Country Club Hills, Ill. “Whether the 
difference in sheathing thickness is 
necessary for the structural integrity 
and other performance attributes of a 
house is subject to question. 

“Obviously, someone can put a lot 
more wood, a lot more structure than 
the code requires in a building if they 
choose to do it,” Frost continued. “It 
doesn’t seem to me, however, that this 
program offers any clear description 
of the benefit of such overdesign.” 

John Rose, senior engineer for APA's 
technical services division, disagrees. 


STARTER STRIP (AT RIDGE) 


MARIO FERRO 


STARTER STRIP (AT SILL) 


SAFETY GLASS 


The Mod-U-Glaze solarium kit comes in preassembled modules; each one is a bay. Glass is put in 


place and snap-on bar caps finish the exterior 


“Our strict use of structural panels for 
roof, floors, and walls provides a stiffer 
and stronger structure to withstand 
wind, earthquake, and other loads bet- 
ter,” he says. 

When you're shopping for a house, 
one built to Code Plus standards will 
probably not look any different from 
one built to normal standards. If 
you’re convinced you want such a 
house, you can ask the builder, or look 
for the green Code Plus logo: an out- 
line of a house with a plus sign in the 
lower right-hand corner. For more in- 
formation, write the American Ply- 
wood Association, Box 11700, Tacoma, 
Wash. 98411.—T. O. B. 


Fast-track sunspace 


Installing a kit solarium is one way 
to add value to your house and pleas- 
ure to your life. Now there’s a new 
kit from Four Seasons Greenhouses 
designed for the do-it-yourselfer. The 
benefit, of course, is lower cost. 


By the time the new kit, called Mod- 
U-Glaze, is delivered to your home, 
part of the work has been done for you. 
While standard solarium kits are 
delivered in small pieces, the Mod-U- 
Glaze comes in preassembled modules. 
This should save up to two days of 
work time, the company claims. 

The first step in building any solar- 
ium is to pour a foundation. Most 
homeowners prefer to have a profes- 
sional do that. Then, with a Mod-U- 
Glaze kit, a ridge strip (included) is 
attached to the house, and a starter 
strip (also included) is attached to the 
foundation. These hold the modular 
frame sections in place (each one 
forms one bay). Putting in the mod- 
ules is as easy as putting together a 
swing set, the manufacturer claims. 
Tempered safety-glass panels are then 
fitted into the frames, and outer glaz- 
ing caps snap over the glass. You need 
a minimum of two people to assemble 
a solarium. 

Glazing options include double-pane 
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insulating glass and Heat Mirror, а 
low-emissivity glazing [“Get Smart 
About Glazing," Sept. '88]. Mod-U- 
Glaze kits are available in a variety 
of sizes from 3 to 15 feet in width and 
from 7%; feet to 10% feet in height. 
Any length in multiples of 30 inches 
is possible; that's the width of a bay. 

Kits range from $16 to $25 per 
square foot of glass area, depending 
on size, glazing options, and company 
specials. Assembling the kit yourself 
should save about one third on the to- 
tal cost of a new solarium. Four Sea- 
sons Greenhouses, 5005 Veterans Me- 
morial Hwy., Holbrook, N.Y. 11741. 
—M. M. S. 


Feds address quakes 


On January 5, President Bush signed 
an executive order requiring that all 
buildings the federal government 
builds or leases after that date include 
appropriate seismic protection. As of 
Jan. 5, 1993, the order also will cover 
federally assisted and regulated build- 
ings, including private houses financed 
with Federal Housing Administration 
mortgages. 

The order does not set seismic stan- 
dards, but instead charges a 25- 
member committee with making rec- 
ommendations. It also permits individ- 
ual agencies to determine appropriate 
standards according to a building’s 
location. 

While many quake-prone regions al- 
ready have stringent seismic require- 
ments in building codes, not all do. 
Memphis, Tenn., for example, sits near 
the New Madrid fault, named after the 
town in Missouri where the country’s 
biggest quake occurred (in 1811). Yet 
that city’s building codes do not re- 
quire earthquake-resistant construc- 
tion. Now that will change in build- 
ings the feds have anything to do with. 
And federal construction policy tends 
to trickle down. 


30-year shakes 


Yes, it sounds worse than the seven- 
year itch. But cedar shakes and shin- 
gles that come with a 30-year war- 
ranty against fungal decay may sound 
pretty good, especially if you live ina 
warm, damp region of the planet. 

The Cedar Shake and Shingle Bu- 
reau, a trade organization, recently 
announced such a warranty. Covered 
products carry a “Certi-Last” label, 
and have been pressure treated with 
chromated copper arsenate, the stuff 
that turns treated lumber greenish. 

The treatment adds about 10 per- 
cent to the cost of the shingles. 


E 
E QUALITY, 
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SURGEON GENERAL'S WARNING: Quitting Smoking 
Now Greatly Reduces Serious Risks to Your Health. 


"Ноте Newsfront 


Nationwide Homes were designed by architectural students. 


Affordable houses from 


Of, by, and for 


In many areas of the country, it’s 
difficult for someone just beginning a 
career to find affordable—let alone 
attractive—housing. Recently, Fred 
Betz, president of Nationwide Homes, 
a maker of modular houses based in 
Martinsville, Va., decided to see if 
some of the folks most affected by the 
problem might offer some solutions. 

Betz presented the challenge to stu- 
dents (a notably impecunious lot) at 
the College of Architecture at Virginia 
Tech University in Blacksburg. Assis- 
tant professor Michael O’Brien led the 
project, and chose three graduate stu- 
dents, Marie Wall, Tom Kostelecky, 
and Steve Tenace, to work as a de- 
sign team. Their assignment: Design 
houses they would choose for them- 
selves given the budget constraints 
of a beginning career. The houses, of 
course, had to be buildable as modules. 

The result is three new offerings 
from Nationwide: a one-story house 


called the Virginia (shown), and two 
two-story houses, the Maryland and 
the North Carolina. Unlike many 
modular houses, these are not boring 
boxes. They extend into the landscape, 
and their roof lines have steeper pitch- 
es and varied angles. 

The houses range in size from 1,200 
to 1,500 square feet, and include at 
least three bedrooms and two baths. 
They also include many features the 
students considered most wanted to- 
day: sizable windows for good natural 
light and views; kitchens that contain 
high-tech conveniences; a distinct en- 
try; and porches and decks 

The houses sell for $75,000 to 
000 (with lot) in the 11 mid-At- 
lantic and Southern states Nationwide 
serves. 

Perhaps the biggest vote of confi- 
dence came from Professor O’Brien. “I 
felt the two-story Maryland model 
would make a good home for my fam- 
ily,” he , “so I had it built.” The 
O'Briens moved in last September. 
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Formed Structural Laminate is plastic laminate over a phenolic соге; the curves are factory-formed. 


Laminate with backbone 


Plastic laminate has always been a 
veneerlike material with virtually no 
structural strength. Generally, it's ap- 
plied over a substrate to form counter 
tops and such. Now Wilsonart has in- 
troduced a plastic laminate that is 
structural. With it, no substrate is 
required. 

The material has a phenolic core 
sandwiched between plastic-laminate 
faces. Any of Wilsonart's 200 colors 
and patterns can be used for the faces. 
Even the phenolic core can be ordered 
in brown or black. 

Formed Structural Laminate comes 
in М, М, Ya, and % inch nominal 
thickness and in widths of four or five 
feet and lengths of 8 or 10 feet. Curves, 
as shown in the photograph, are 
formed at the factory based on speci- 
fications sent by a designer or 
contractor. 

Wilsonart expects the material to be 
used for such thing: furniture and 
vanities. If you have a project for this 
new product, you should find your lo- 
cal Wilsonart distributor through the 
Yellow Pages. He can recommend a 
contractor to come to your home, make 
the requisite drawings, and send the 
specifications off to the factory. Ralph 
stics Co., Box 6110, Tem- 
as 76503-6110. 


News notes 


Recently Underwriters’ Labora- 
tories developed a safety standard for 
ducted heat-recovery ventilators. Cer- 
tification includes testing for electri- 
cal safety, flammability, and smoke 
generation. Now comes the first prod- 
uct to receive that UL listing: the 
NewAire HE2500 air-to-air heat- 
recovery ventilator made by Altech 
Energy of Madison, Wis. Of particu- 
lar concern was the flammability of 
the plastic used in the unit's heat ex- 
changer core, but the NewAire passed 
all tests. 

eResponding to charges that some 
rigid foam insulations lose a good part 
of their stated R-value over time, Dow 
Chemical Co. has announced a 15-year 
limited thermal warranty on its Sty- 
rofoam re-siding board. The company 
warrants that Styrofoam insulation 
will not vary more than 10 percent 
from the published thermal-resistance 
value for 15 years from the date of 
manufacture. If the product should fail 
to perform satisfactorily, the warranty 
states, Dow will provide an equal 
amount of insulation at no charge or 
it will refund the purchase price.— 
T. O.B. 
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Before you move the troops. Be prepared. With the best selling import 4х4 in its class* The Isuzu Trooper. 
Not only does it seat five very comfortably. It comes standard with auto-locking hubs. So you can get into four-wheel 
drive without leaving the driver’ seat. More cargo space than any vehicle in its class** And an optional 4-speed 
automatic transmission is available. 

So whether you're planning a full scale invasion of the local campground. Or just a pleasure cruise. Our 


troopship is ready for all maneuvers. 


For free Isuzu brochures call: (800) 245-4549. 


ISUZU TROOPER [71 713499 


*As of November, 1989. **With rear seat up. Comparison based on 1989 model year. TMSRP excluding tax, license and transp. fee as of 10/10/89. Optional equipment shown at additional cost. Prices start at $1499 


ial isin ion 


[оок along as we remodel this older 


home...planning, estimating and 
working with professionals, but also doing 


many projects on our own. 


The existing kitchen has lots of 
potential, but it lacks space and has 
an inconvenient traffic flow, inade- 
quate storage, poor ventilation and 
a need for new, energy-saving 
appliances. 

Our plan, shown on the fol- 
lowing page, is designed to 
overcome these problems. It 
calls for the removal of an exte- 

rior wall between the kitchen 

and the porch. A greenhouse 
will be added at the far end of 
what is now an enclosed 
porch. The existing porch 

area will be enclosed. It will 
become a sunroom and be 
used as an informal eating 
— area. 

The old front hall door- 

way will be closed off to 


The house featured in this special sec- 
tion was purchased specifically for this 
Series. Hired tradesmen will perform 
all work. Models will demonstrate some 


projects. 


e ЫШ 


This smaller, older kitchen has poor 
traffic flow and needs renovation. 
It will be a great country kitchen 
when we enclose the porch and 
install new cabinets and counters, 
appliances, plumbing and lighting. 


ne of the most popular of all 
rooms for renovation, mod- 
ernization and expansion is 
the kitchen. New or improved 
kitchens add up to 90 percent of 
their cost to the resale value of the 
home. We are planning great 
improvements for our kitchen. 


Qur kitchen plan. 


provide more wall and storage 
space and simplify traffic patterns. 

The new traffic plan will work 
well for everyone. From the 
kitchen, its easy to approach the 
deck, patio, study or entertainment 
center. Dining room service is quite 
convenient and living room guests 
can be reached either through the 
study or the dining room. 

The old counter along the porch 
will be replaced by a new counter 
that can be used as an eating sur- 
face. On the window side, new 
counters and cabinets will form an 
“L” shape, with a new sink under 
the windows. Around the corner, 
we will install a new refrigerator, 
plus a range and built-in oven that 
will make cooking easier. New cabi- 
nets and counters along the inside 
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The homeowner uses his handsome, versatile Isuzu 
‘Trooper for shopping and errands, such as picking up 
Marvin E-Z Tilt Pacs. His rugged outdoor wear is by 


Special Advertising Section 


wall will provide badly needed 
counter and storage space. 

Windows and doors in the 
kitchen, and throughout the house, 
will be made to order by Marvin, 
often chosen by remodelers 
because the company manufactur- 
ers top-of-the-line products. The 
existing kitchen windows and doors 
will be replaced by handsome, cus- 
tom-fitted, energy-efficient units. The 
tile floor will be provided by Metro- 
politan Ceramics. 

A sunlit new greenhouse will 
bring added charm to the kitchen 
area, blending the interior space 
into a handsome new exterior land- 
scape. A new deck will be con- 
structed of high-quality Wolm- 
anized® pressure-treated lumber, 
stained for beauty and water-repel- 
lency by Kop-Coats Wolman® Deck 
Brightener. The deck will provide 
safe footing to the driveway, as well 
as a shady lounging place. 

New whole-house heating and 
cooling units from Lennox will be 
aided by modern exhaust systems 
on the new appliances. An over- 
head fan will help keep the kitchen 
air fresh. Exterior gas lamps will be 
installed to illuminate the driveway 
and back deck. 

You can follow our progress with 
the new country kitchen in the May 
and June Home Remodeling special 
sections. 


Existing floor plan (left) and revised floor plan show 
dramatic additions to interior and exterior living 
space. 

B Kitchen 

CO Master Bedroom 

Ui Decks 
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Sash System Upgrades 
Inefficient Double Hungs 


To insulate our remodeled house 
against summer heat and reduce 
year-round energy bills, we'll be 
using the Marvin E-Z Tilt Pac win- 
dow kit, which includes a replace- 
ment sash and hardware package. 
It provides an inexpensive way to 
make old drafty, double-hung win- 
dows as energy efficient as new 
windows. The replacement pack- 
age works if the old sash has deteri- 
orated but the frame is still in good 
condition. You pay for just the sash 
and jamb liners, not the whole win- 
dow. The original frame and trim 
stay intact and no alterations are 
required on exterior or interior 
walls. 

Included in the E-Z Tilt Pac are 
two sash with special insulating 
glass for additional energy savings, 
high-quality weather stripping, plus 


mm p 


all the hardware necessary for 
installation. Fine-grained ponderosa 
pine is used for beauty and insula- 
tion while sash panels and hard- 
ware have been engineered for 
energy efficiency by double glazing 
and special vinyl window stripping. 

Over 90 standard sizes are avail- 
able. Marvin makes all of its win- 
dows to order, with a high standard 
of craftsmanship. 

For more information about any 
product in the Marvin line of win- 
dows and doors, write Marvin 
Windows, PO. Box 100, Warroad, 
MN 56763. 


"To Us QUALITY MEANS NOTHING LESS THAN A 
GREAT PRODUCT AND А GREAT INSTALLATION. 


Considering replacing your aluminum patio door with something more distinctive? Then consider Marvin. Because 
Marvin Doors feature fine-grained Ponderosa pine, a virtually indestructible sill and maintenance-free exterior cladding. 
Consider, too, this offer from Marvin: a video that demonstrates 
how to install a Marvin terrace door, featuring Dean Johnson and -— 
JoAnne Liebeler from the public TV program, "Hometime" | пн: | 
There's never been а better time to choose Marvin. Because i | 
right now you get not only a beautiful door. You get a valuable tool for Name. | 
installing it. The one that fits in your VCR. | 
To get your “Hometime” video see your Marvin dealer, or for Addres | 
more information on Marvin Doors, send this coupon те | 
| 


to: Marvin Windows, Warroad, MN 56763; or call ш 


1-800-346-5128. (In Minnesota, call 1-800-552-1167; [МУ жый. айы 
in Canada, call 1-800-263-6161) MARVIN DOORS. PS-9016-4 
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he master bedroom: 
a new design for living. 


One showpiece of the project will 
be the enlarged master bedroom 
area. It will have an additional 234 
square feet of floor space. 


e will be adding to the mas- 
Wi bedroom a spectacular 
: master bath area large 
enough to contain an exercise area. 
The new bath also includes his-and- 
her dressing counters, a walk-in 
shower, a toilet area and a luxuri- 
ous whirlpool bath, dramatically 
platformed in front of a new Marvin 
Sun Bay window. There will be 
direct access to a new deck of 
Wolmanized® Lumber through a 
new double glazed Low E Marvin 
door. 

The two windows that currently 
flank the fireplace mantel will 
become doorways to the new addi- _ 
tion. The existing fireplace and 
chimney will create a unique center- 


piece for the expanded bedroom & 


area. 

The original bathroom on the 
other side of the room will be con- 
verted into a large walk-in closet. 
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Bill Newman, Newman Bower Architects , P. A., 


discusses plans for the master bedroom with 
homeowner. 


Another closet in the hallway lead- 
ing to the bedroom will be turned 
into an accessible downstairs half- 
bathroom. Walls and attic will be 
insulated with Owens-Corning 
Fiberglas9 insulation and the new 
addition covered with durable 
Owens-Corning laminated roofing 
shingles. Minwax Wood Finish will 
be used on the floor, while 
Wolman® Deck Care Products will 
protect the new deck. 


Installing Insulation is 
Easy and Inexpensive — 


Many homeowners know that insu- 
lation can help them save on utility 
bills and improve comfort, but they 
do not know how easy or inexpen- 
sive installation of insulation can be. 

Our homeowner installed 
Fiberglas insulation batts and blan- 
kets by Owens-Corning between 
the wall studs and attic joists in the 
new addition. He used kraft-faced 
material. It is installed with the 
paper facing towards the warm-in- 
winter side of the building. If you're 
using an unfaced material, use a 


ETEA 


ЕЕК, 
ON ot Oh FARE, SINGLES ooo 


Ee FIBERGLA 
i BLANKET ORS To 
i ÎN ATTIC INSULATION 


FIBERGLA: 


Now’ the time to make sure your 
remodeling project has enough insulation. 


Do you know what you need in the attic? Under the 
floor? How about between the walls? 

If you're building an addition or remodeling 
your home, now is the time to make sure you're get- 
ting the Department of Energy's recommended level 


of insulation. 
Most attics, for example, should be insulated 


to an R-value of 38 (or 12 inches of Owens-Corning 
Pink’ Fiberglas” blanket insulation). Most new walls 
should be at R-19. 

Recommendations vary with location. But no 
matter where you live, it makes sense to insulate 
properly— before your project is completed. 

Talk to your contractor today. For more infor- 
mation and a booklet on the latest U.S. Government 


insulation recommendations, send in this coupon 
or call 1-800-GET-PINK (Ext. 87). 

Otherwise you could end up with an unwel- 
come addition к to your new addition: high fuel bills?" 


Mail to: Onis Coening Fiberglas Corp., Attn. СЈ.Р. Meeks, PO. Box 44179, 
Jacksonville, FL 32231-4179. Please send me a free copy of “A Homeowner's 
Guide to Insulation.” I am interested in this for: О building a home, 


O remodeling, O adding insulation. 
Name. 
Address. 
Cip. State. Zip. 
*The color Pink is a trademark of Owens-Corning Fiberglas Corp. 


**Savings may vary. Higher R-values mean greater 
FIBERGLAS 


insulating power. Find out why in the seller's fact sheet 
оп R-values. 


©O.CE Corp. 1990 
Фа © United Artists. All rights reserved. 
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separate vapor barrier over the 
insulation. 

We fastened Owens-Corning 
batts to wall studs with an Arrow 
Stapler Tacker. In the attic, we laid 
insulation between joists. 

To figure the material required, 
multiply the length times the width 
of the areas to be insulated. Then 
select material to fit the space 
between joists or wall studs (gener- 
ally 23 or 15 inches, depending on 
local codes and the age of the 
house]. 

Its important to determine the 
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proper R-value for your area. Higher 
R-values mean greater ability to 
resist the flow of heat. Energy sav- 
ings will vary based on climate, air 
infiltration and home design. Your 
retailer should be able to give you 
the Department of Energys new 
higher R-value recommendations 
for your area. Your local utility com- 
pany can also give valuable advice. 
For most areas, R-38, or 12 inches 
of fiber glass blanket insulation, is 
recommended for attics. 

Safety tips: Always wear safety 
glasses, work gloves, a long-sleeved 


shirt and a mask when working 
with fiber glass insulation. Use a 
sharp utility knife to cut insulation. 

For more energy-saving ideas, write 
to CSM Meeks, Owens-Corning Fiber- 
glas Corp., P.O. Box 44179, Jacksonville, 
FL 32231-1179 to receive your free copy 
of A Homeowner's Guide to Insulation 
and Energy Savings. 


Heavy-Duty Staple Guns 
Are Powerful Tools 


Homeowners should think of 


г 


* STAPLING 
MACHINES 
* GLUE GUNS 
* RIVET TOOLS 
• STAPLES 
* GLUE STIX 
* RIVETS 
For the professional or 
do-it-yourselfer ARROW 
makes the job easier, 
go faster and—less 
expensive. Whether 
you're building the 
new, repairing the 
old or pursuing a 
hobby in arts and 
crafts, ARROW has 
the right tool. 
See the complete 
assortment of 
ARROW quality 
fastening products, 
available at all 
leading Hardware, 
Home Center, ЕД 


D 


6 


fo 


The All-American Value Team 
>. WAS 1 


NN MELT GLUE GUN 


TR-550 HOT 


and Discount ы 


T-50 STAPLE 
GUN TACKER 


ETN-50 ELECTRO-MATIC 
STAPLE GUN TACKER. 


Department Stores. 


In U.S.A.: Arrow Fastener Company, Inc., 271 Mayhill Street, Saddle Brook, N.J.07662 
In Canada: Jardel Distributors, Inc., 6505 Metropolitan Blvd. East, Montreal Н1Р 1X9 Quebec — —J 
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todays new heavy-duty power sta- 
ple guns as versatile tools for con- 
struction, home carpentry and 
workshop projects. Arrow™ offers 
power staple guns for light carpen- 
try and power drivers for assem- 
bling light wood as well as hand- 
powered staple guns for smaller 
stapling jobs. 
| On the preceding page, the 
| homeowner is using the Arrow 
ETN-50 Electric Staple Gun Tacker to 
install Owens-Corning Fiberglas batt 
insulation. Just plug it in and shoot. 
Like the most popular staple gun on 
the market, Arrow’ non-electric T- 
509, it provides easy fastening in 
hard-to-reach places with pinpoint 
accuracy. 

We tried other Arrow fastening 
tools, such as the huskier HT-65 
Hammer Tacker, which drove the 
heavier, longer staples with wide 
crowns for extra holding power 
that we needed to apply the fiber 
glass roofing shingles. 

Arrow staple guns were created 
60 years ago. Today, most do-it- 
yourselfers or professionals wouldn't 


| Workman is using an Arrow No. HT-65 Extra Heavy 
Duty Tacker to fasten Owens-Corning Fiberglas 

| Oakridge II Barnwood Shingles to APA Plywood 
Sheathing. 


try to tack up insulation or do hun- 
dreds of other household tasks 
without a staple gun. It saves 
money, cuts working time in half 
and is relatively safe even for the 
most unskilled amateur. 

A practical tip: Don't try to use 
the staples from one manufacturer 
with a different brand of fastening 
tool. Whatever tool you're using, 
Stick with staples made for it. You'll 
avoid jammed tools and problems. 


Wood Finishes Enhance 
Doors and Interiors 


color options in good light from window, 


One of the important steps in 
remodeling interiors is finishing 
wood floors or doors, such as we 
will be doing in our remodeling 
project. For our wood finishes, we 
will be using products from 
Minwax, a company well known for 
quality and for the innovative prop- 
erties of its finishes. 

A labor-saving and cost-cutting 
product we will use for doors is 
Polyshades®, 
polyurethane combination. With it, 
you can Cut steps and finishing time 
in half and be assured of beautiful 
results. Polyshades is available in six 
wood-tone colors in satin or gloss 
finish. 

WoodSheen® one-step Oil Stain 
and Finish can be used to stencil a 
wood stain design for a decorative 
touch. Relatively simple, this 
method of design was used in 
Colonial times, before wallpaper, 
and as an alternative to expensive 
handwoven rugs. The type of 
wood and its age can affect the 
way any stain covers, so experiment 
until you find the method that 
works best for you. 


a one-step stain and . 
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Minwax opens more doors to your imagination. 
Whatever wood finishing pro- That's why Minwax is the 
ject your mind can conceive, only name to look for. 

Minwax can achieve. Because Send for our FREE bro- 
Minwax hasa full line of stains. [] = chure, Tips on Wood Finishing. 
Durable topcoats. One-step se Write: Minwax , Dept. PS040 
finishes. Fast-drying finishes. Ше 
Brush-ons. Wipe-ons... 

Minwax has them all. 


RMINWAX 4 


Minwax products used above. Door #1. Goles uk Ном Finish frame ран 
Finish Frame & Panels WoodSheen 


Pine Pobshades (тате. Olde 
Oak Hd Foi beveling rid 


‘®Minwax, Polyshades and WoodSheen are registered trademarks. 01989 Minwax Company, Inc. 


Box 426, Little Falls, NJ 07424. 


We plan to salvage the original 
floors wherever we can and finish 
them with Minwax Wood Finish. In 
the upstairs bedroom, we plan to 
stencil a pattern. By the way, a 
coating of Minwax Wood 
Conditioner is recommended for 
soft woods to assure even pen- 
etration of stain color. 

After staining, the floors will 
be finished with a coat of 
Minwax Fast-Drying Polyurethane 
in Gloss. It creates a tough surface 
that protects against water, stains, 
chips or scratches. 


Six samples of the many Minwax Wood Finish 
colors available. 


Golden О: 
Dark Walnut 
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aking the most of the outdoors. 


DREAM DECKS COME TRUE WITH WOLMANI 
EXTRA" LUMBER. 


Add a full moon and gently rippling 
water and any deck becomes a dream. 
But to stay a dream, a deck needs the 


staying power of Wolmanized* EXTRA" 


weather-resistant lumber. 
Wolmanized EXTRA lumber is 

Wolmanized wood that resists rot 

and termite attack plus it contains a 


ШЕШ 


taaa GGG 


water repellent that's "built-in" 

So, Wolmanized EXTRA lumber is 
more durable and keeps its good looks 
longer than other wood. And for a deck, 
that's a dream come true. 

Send for our free Wolmanized 
EXTRA brochure today and read all 
about what dreams are made of. 


Hickson Corporation, Perimeter 400 Center, Suite 680, 1100 Johnson Ferry Road, NE., 
Atlanta, СА 30342, Atm: Wolmanized EXTRA Department. 
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One of the major assets of our 
house in Monroe is its large 1-'/: 
acre lot, which is full of beautiful 
trees and shrubs. 


e plan to beautify the set- 
W: of our house by simpli- 

fying the yard and opening 
the property up to the sun through 
the use of grass and vinca (periwin- 
kle) areas. We'll trim trees, move 
and add shrubs and flowers. We'll 
add a swimming pool by Blue 
Dolphin, a greenhouse, and we'll 
add two wood decks for more 
enjoyment of the warm Carolina 
weather. We'll repair the walks and 
the driveway. Most unexpectedly, 
however, we first had to clear up 
the damage and debris left by 
Hurricane Hugo. 


Wood Deck Additions 
Are Deservedly Popular 


One of the most popular additions 
to a home is a wood deck. It not 
only enables the family to spend 
time outdoors comfortably but, pro- 
vided its of good quality and well 
designed, its usually a good invest- 
ment as well. 

There are valid reasons for 
adding two decks to our house. 
Both open onto the backyard and 
provide additional enjoyable out- 
door living space, one as part of the 
expanded kitchen area and a sec- 
ond connected to the master bed- 
room addition 

An important consideration in 
selecting deck material was durabil- 
ity. Like other outdoor wood items, 
decks are expected to last even 
though they are exposed to rain, 
snow, rot and insects. Wanting our 
decks to last led us to opt for pres- 
sure-treated lumber. We chose 
Wolmanized® lumber. Not all 
treated wood is “Wolmanized,” a 
trademark for wood treated with 
Wolman™ CCA chemical preserva- 
tives to resist fungal decay and ter- 
mites. Wolmanized pressure-treated 
lumber has a lifetime limited war- 
ranty for residential applications. 
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This summer, 
Will your deck 
look as good 
as it could? 


Summerize your deck 
with Wolman' Deck Brightener. 


y Ageand weather will severely damage and discolor 


3 Woman 
e ; 


Deck Brightener 


"We Brig 
Lo 


Ss і 


ares The tiean, Natural Loo 

Restores а Easy тон, 

just Mix with Water and APD 
From The Wolmanized Wood 


— = 


Wolman 
3 Deck 


even pressure-treated decks, causing ugly graying, 
mildew stains, and worse. 

Wolman’ Deck Brightener is the fast, 

easy way to change all that. It restores 
your deck's natural wood look, by 

making old, gray wood look like new 
again. Protect your deck too! After 

you restore your deck's beauty, be sure to 
protect it against cracking and warping 
with mildew-resistant Wolman" Raincoat" 
Water Repellent in Clear or Natural Toner. 
Call toll-free or write for free deck care folder: 
Kop-Coat Inc., 

Koppers Building, <> 
Pittsburgh, PA, 15219 

1-800-556- 
From the Wolman' Wood Protection People 


Ме 


Water Repellent Improves 
Even Quality Wood 


i 
Wolman ңагО® 
Water Repelle 


WITH RU à 537] 

FEELS / m SOLE m \ 
When moisture no longer forms beads, its time to 
consider recoating your deck with Wolman® Deck 
Care Products. 


Here's something you may not 
know about installing a deck or 
other outdoor wooden structure: 
Even when you use pressure- 
treated lumber, there will be mainte- 


nance you need to do to make it 
water repellent. 

Years of exposure to North 
Carolina rains and summer sun can 
damage any wood, even the high- 
quality Bressure-treated Wolm- 
anized™ Lumber we are using for 
the two decks at our Monroe 
house. Periodic applications of 
Wolman RainCoat™ Water 
Repellent will protect treated wood 
against moisture, cracking, warp- 
ing, mildew and discoloration. We 
chose Wolman RainCoat Water 
Repellent with Natural Wood Toner 
in Cedar, a distinctive product that 
not only provides excellent water 
repellency and protection against 
water damage but also imparts a 
sheer, natural wood tone to the deck. 

A two-step process is recom- 
mended to restore older decks that 
are gray and weathered: apply 
Wolman Deck Brightener first, then 
follow with RainCoat Water 
Repellent in either Clear or Natural 
Wood Toner to protect the deck 
from future water damage. If your 
deck is new, only the water repel- 
lent step is necessary. 


Decks Rank High In Added 
Resale Value Versus Cost 


Many of the remodeling projects 
that pay off best in adding resale 
value to the home are those which 
make it more comfortable and more 
livable, according to recent industry 
surveys we have reviewed. Geo- 
graphic location is very important in 
determining the probable resale 
value of various remodeling proj- 
ects, so check local real estate bro- 
kers or contractors before making 
final remodeling decisions. 

For example, decks are a good 
investment in warm weather areas 
where people spend more time out- 
doors. Decks enjoy a national pay- 
back of about 7096. Design, quality 
and accessibility are important pay- 
back factors. 

Other improvements that rank 
high as investments, in study after 
study, are kitchens, room additions, 
bathrooms, bedrooms and exteriors. 

Just remember, the most impor- 
tant consideration is your own use 
and enjoyment of the improvement. 
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OUTDOOR LIVING 
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Colonial 
Columns 


In Durable Aluminum 


аге 


Man cluding Company 
Р.О. Box 1179, Dept.PS40 
Moultrie, GA 31776-1179 

Toll Free 1-800-84 1-867. 
In Canada 819-822-2422 
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Adding Front Porch 
Protection and Beauty 


When the landscaping is finished, 
the front porch of our house will be 


much more visible from the main 
road and the driveway. It will con- 
tinue to be the main focus of the 
house. Along with new bushes 
and redefined walkways, we plan 
to add drama to the porch itself. 

The roof will be extended to pro- 
vide more protection, and hand- 
some, new, round Old South 
columns by Moultrie will be added 
to each side of the doorway. We 
selected the trim elegance of Doric 
capitals. Moultrie also offers a wide 
range of round column styles with 
Corinthian, Scamozzi and Standard 
capitals, and Square and Plantation 
columns in various sizes. Lengths 
are from eight to 30 feet. 

Made of corrosion-resistant alu- 
minum with a durable factory fin- 
ish, these columns are far stronger 
than wood and are easily main- 
tained with very little trouble or 
expense. They resist weathering, 
warping and dry rot. 


he mechanical systems: 
upgrading and modernizing. 


Heating and cooling systems are 
antiquated and unattractive. The 
plumbing and electrical systems 
also need to be replaced. 


he house’s mechanical sys- 
tems date back to the 1920$, 
many years before today's 
technology was available. They 
would not have been able to han- 
dle the demands of our new bath- 
room, kitchen, laundry appliances 
and whole-house heating and cool- 
ing set-ups 
We secured competitive bids, as 
we advise our readers to do, and 
contracted for professional replace- 
ment of these systems. We pre- 
ferred not to have our do-it-your- 
selfer tackle projects that require 
specialized tools, knowledge and 
equipment. 


When Two Systems 
Cost Less Than One 
The hot-water radiators and win- 


dow air conditioners are not only 
unattractive but inefficient. Part of 


the remodeling plan is to replace 
them with concealed, high- perfor- 
mance units. In many homes, a sin- 
gle furnace and air conditioner suf- 
fice. But here that approach would 
have involved major structural mod- 
ifications and complicated duct- 
work. The cost for the extra work 
would have exceeded the cost of 
units in two locations. Plus, with 
two forced-air systems, we can 


"m wem 


Energy-efficient Lennox Pulse gas furnace is being 
installed in a hard-to-reach spot. Cordless screwdriver 
is by Black & Decker. 


Quality value, workmanship: y: Lennox, 
some things never change, never will. 


In 1895, Dave Lennox invented the mod- @@ replacement or service, your local indepen- 
ern steel furnace and changed forever the „АЙ dent Lennox dealer, listed in the yellow 
face of Americas home comfort. "2 pages, can give you all the information 

Now, 95 years later, Lennox keeps V/A you need about a home heating/cooling 
millions of homes cool as well system matched exactly to your require- 
as warm. And there’ still ments and budget. And there's 
a bit of Dave Lennox in F БЕ no better time to call 
every Lennox employee, Ẹ { А than now. 
every Lennox dealer. . . 

a stubborn commitment L E N. N OX: 

to craftsmanship, depend- 

ability, value. M AIR CONDITIONING € HEATING 
For new construction, Quality proven over time. 
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achieve better, more efficient tem- 
perature control on each floor. 

The house was divided into two 
zones—first and second floors—with 
a separate heating/ cooling system 
and thermostat for each zone. 

A high-efficiency Lennox® Pulse™ 
gas furnace, located in the crawl 
space, is matched with a Lennox 
Dimension™ air conditioner to heat 
and cool the first floor. The second 
floor is heated by a compact Lennox 
Stowaway furnace installed in the 
attic. Cooling for the upstairs is pro- 
vided by a second Lennox air condi- 
tioner, Model HS19. 

The extra-quiet condensing units 
for the two cooling systems are out- 
doors, concealed by bushes. 

This two-zone arrangement is 
becoming more common. In our 
house, it will eliminate excessive 
ductwork that would have cost a 
closet, as well as being more expen- 
sive. Temperature control in the var- 
ious zones will now be more pre- 
cise, meaning increased comfort 
and energy savings 

We'll also consider alternatives to 
guide us towards improved electri- 
cal and plumbing services. You will 
see how this is being accomplished 
in the May issue of this magazine. 

Tip: Check your local utility com- 
pany to find out whether there is a 
special rebate program if you install 
high-efficiency heating and cooling 
systems, as there is in many areas. 


Our landscaper, Dennis Von Egidy, 
trims off tree limbs shattered by Hugo. 


Tough Pickup Trucks 
Are Also Spacious 


Many do-it-yourselfers have found 
that a pickup truck is also an invalu- 
able “tool.” We recommend that 
any homeowner undertaking a 
major remodeling task consider 
acquiring one. The Isuzu Spacecab, 
for example, is a real workhorse, as 
we found out running countless 
errands. But what surprised us was 
its spaciousness and comfort. On 
one shopping trip to Charlotte, two 
of us rode facing forward in com- 
fort in the rear seats, an area we 
also used for stowing supplies. 

The luxurious LS Spacecab sup- 
plied to us by Griffin Isuzu, oper- 
ated by the very helpful and knowl- 


HURRICANE 


Monroe, NC—This quiet city with 
its settled neighborhoods offered us 
the quality of life that we wanted for 
the-site of our remodeling project. 
But that quiet atmosphere was 
shattered when Hurricane Hugo 
blasted into the area, knocking 
down trees, snapping power lines, 


Our contractor and the heating and cooling subcon- 
tractor, Dave Wentink, check а Lennox gas furnace 
before unloading it from an Isuzu Spacecab. 
edgeable Griffin Motor Co. of 
Monroe, had automatic transmis- 
sion, a four-cylinder in-line engine, 
power windows and steering, four- 
wheel disc brakes, and an air condi- 
tioner option. It also had two-tone 
finish, big chrome bumpers and 
aluminum wheels. 

One of our contractors showed 
up with an Isuzu pickup as a con- 
venient substitute for his big truck. 

The Isuzu Spacecab has a firm, 
solid ride. With deeply grooved 
Goodyear Wrangler tires, it takes on 
even the roughest, sometimes 
muddy, dirt roads. This handy truck 
is a hardworking partner, as tough 
as pickups come,as well as being 
spacious and attractive. 


smashing homes and causing 
water shortages. Eight large trees 
fell on our property. One tree dam- 
aged the roof and sheared off a 
chimney. 

The worst disaster in the memory 
of Monroes oldest citizens, Hugo 
caused $430 million in damage. 

Volunteers, emergency crews 
and the National Guard reacted 
quickly. Debris, food storage and 
water crises were handled by 
neighbors helping neighbors. 
Throughout those difficult days, the 
special quality of Monroes citizens 
became evident. 


ee you with next month's “Hard Work” section, showing the progress of our kitchen, 
master bedroom, mechanical systems, decks, exterior renovai 


and landscaping projects. 
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A fresb start 


Walls India Tan, Trim: Navajo White 


You're putting a lot into making this house your home. 
Now the decorating decisions are up to you. And you chose 
Tru-Test E-Z Kare interior paint to pull it all together. 

You're off to a beautiful start! 


HARDWARE STORES * 


For professional painting advice, call 1-800-922-0061 


Look for the products featured in "Home Remodeling Ideas" at the stores listed below. 


он 
Des Moines * Moehl Millwork, Inc. 


ILLINOIS 


Carbondale • Associated Lumber City 
Carpentersville * the Marvin Window Center 
Chicago * Lee Lumber 

Grayslake * Marvin Window Center 
Johnston City * Stotlar-Herrin Lumber 
Lacon * Allen Lumber Co. 

Lake Bluff * The Marvin Window Center 
Libertyville • The Marvin Window Center 
Milstadt * Lee's True Value Home Center 
Morrison * Bull Do-It Center 

Naperville * Moser Lumber Company 
Princeton * Allen Lumber Co. 

Rockford « Home Lumber & Supply Со. 
Urbana • Armstrong Cash & Carry 


Hall and House. 

Indiana Wholesalers 
Indanapolis • Hall and House 
Terre Haute • Indiana Wholesalers. 


KANSAS 
Clay Center * Fullington's Inc. 


Manhattan * Cash Lumber Co. 
Manhattan » Hardman Lumber 
Osborne • Hardman Lumber 
‘Overland Park • Marvin Windows from 
Viewpoints 
Phillipsburg * Hardman Lbr. Co. 


Bay City * Laurence Smith Distributors 

Detroit * Pullum Window Corp. 

Jenison * Builders Window Specialties 

S. lyon • South Lyon Industries 

Traverse City * The Williams Co. of 
Traverse City 


MINNESOTA 


Ada • Great Plains. 

Alexandria * Western Lumber, Inc 

Arlington * Arlington Building Center 

Becker * Country Lumber 

Brainerd * Gustafson Center 

Chanhassen * Automated Building 
Components 

Crookston * Crookston Building Center 

Deerwood + Deerwood Caabinel & Lumber 

Dilworth • Archie's Place, Inc. 

Duluth * Hermantown Lumber Company 

Eagan * Northwet Wholesale 

East Grand Forks * Lumbermart, Inc. 

Elk River * River Valley Lumber 

Ely * Voyageur Lumber 


Forest Lake • McCarron's Building Center 

Grand Marais • Hedstrom Lumber 
Company Inc. 

Hopkins • Justus Lumber Do-It Center 

International Falls • Northern Lumber Yard, 


inc 

Lake City * Lake City Lumber 

Litchfield * Ideal Lumber 

Mankato = Northwood Interiors 

Maplewood = Window Warehouse 

Minneapolis N.C. Bennett Lumber 

Minneapolis * Stewart Lumber 

Montevideo « ABC Bldg. Center 

Osseo * Sawyer Cleator Lumber Company 

Owatonna • Fabricated Wood Products 

Randall * Randall Building Supplies 

Red Wing * Pepin Bauer Lumber 

Rochester • Kruse Lumber 

Rogers * South Side Lumber. 

Spring Lake Park * Spring Lake Park Lumber 

St.Paul * Athen's Millwork, Inc. 

St Paul ~ Home Lumber 

St Paul • Shaw Lumber 

St Paul * WB. Martin Lumber Co. 

Starbuck • Pope County Lumber. 

Thief River Falls • Home Lumber 

Thief River Falls * Peterson Lumber 
Company 

Teo Harbors = Food Bay Home Center 

Virginia * Pohari Lumber 

West St. Paul » Window Warehouse 


Willmar * Perkin's Lumber 


Dexter * Christian-Dowty Inc. 

Jackson * Overhead Door Co. of S. E. MO 
Jefferson City * Apache Lumber Company 
Jefferson City * Tharp Lumber 

Mexico = Tharp Home Center 

Poplar Bluff Packs Bldg. Material 
Sikeston * Garage Door Company 
Springfield • Springfield Mill & Lumber 
SL Louis * Crestwood Builders Supply 

SE Louis * Marvin Window and Door Store 


Devils Lake » Lake Lumber Inc 

Fargo * Cashway Inc. 

Fargo * Simonson Lumber & Retail 
Grafton • Simoson Lumber 

Grand Forks * Simoson Lumber & Hardware 
Langdon • Stegmaris Builders Supply 
Northwood * Meland Lumber & Materials 


NEBRASKA 

Grand Island • Hardman Lumber 
Lincoln * Pauley Lumber Company 
но 


Cleveland • Builders World. 
Columbus • Marvin Windows from Ohio 
Jambs, Inc. 


Dayton • "a! Windows from Ohio ај 


тн « Vin Supply 


WISCONSIN 


Eau Claire + Charlson Bldg. Design Ci 
Fredonia • Nevens Lumber Co., Inc. 
Hales Corner • Bucmeister Woodwork 
Hayward * Nelson Lumber & Home, Ir 
La Crosse « United Bldg. Centers 
Lake Geneva * Dunn Lumber & True 
Luxenburg • Vans Lumber & Нагднап 
Madison * McCormick Lumber & Fuel 
Milwaukee © Lisbon Storm Screen & 0 
New Berlin « Meyer Lumber 
Onalaska * CMI Lumber 

Sheboygan Falls » Richardson Lumbe 
Stevens Point * Feltz Lumber Compan 
Union Grove * Union Grove Lumber | 
Westby * Carroll's Building Supply 


ONTARIO 
Mississauga * Marvin Windows Inc. 


You Could Win This Beautiful House. 


or $100,000 in Cash! 


Look for a “Win This House" Sweepstakes poster at participating home center stores, hardware stores, Isuzu 
dealerships and other retailers nationwide from May 15 to July 23, 1990. You can enter at these participating 
stores, phone in your entry or mail in an entry, no purchase necessary. Look for details and rules in the June issue 
or write to “1990 Win This House Sweepstakes Official Rules”, PO. Box 3507, Syosset, NY 11775-3507. Top prize 
winners will be announced on Тв Nashville Now, airing Friday, August 24. Check your local cable listings. 


Or Win a 1990 Isuzu Trooper or Spacecab Pickup Truck. 
Or one of hundreds of other valuable prizes. Last year, the happy winner of the Isuzu тоне was Helen Nodin, 


of Murrysville, PA. Michael Miller of Roswell, GA, won the Isuzu LS Spacecab. 


Heat let P i Wie 


Entries must be received by July 23, 1990 


The handsome Cape Cod we are remodeling 
is located on 1-1/2 wooded acres in picturesque 
Monroe, North Carolina. 


Wee Fair ol 
1 Nebraskas! 


ed Cloud, 
dn б richer. 


eg. WINNERS COLLECTION! 


М CVC'S MOST $ 
C RATION POPULAR VIDEOS 9 99 when you buy 4 and 
inis FOR AS LOW AS... ment 


MILITARY FIREPOWER SPORTS FUNNIES GOLF 
TOP GUN, THE STORY PRO FOOTBALL BOB MANN' 
BEHIND THE STORY - See FUNNIES - See footballs ae DURATA GOLI 
actual dogfights, crashes and "* ORB finest stumble, tumble, trip Ameri 1 golf video 
MIG confrontations, See о and bungle their way through forie past two years, and has 
America's real Top Gun pilots hilarious action. Pro already sold over 1 million 
їп action over Libya, the Indian football's best, at their worst. copies. Develop an improved 
Ocean and off the ‘Sovi iet #7064 30 minutes $ 14.99 Зе swing from tee to green 
Union. Feel what it's liketo = J" pit mog to think about 
fly at twice the speed of sound. PRO BASKETBALL, Ё OS aay god 
Also receive an authentic HOOPS BLOOPS - Fast сана 
military patch as a bonus. paced fun and spectacular y ^ 
#9910 35 minutes $ 14.99 -* plays gone wrong create SPECIALTY SHOTS" - After 


y you develop your swing in 
m up mayhem on the "Automatic Golf”, learn how to 
Н draw, fade, hit long fairway 
#2033 30 minutes $ 14.99 bunker shots, difficult greenside 
bunker shots and many more. 
BASEBALL FUNNIES -Some of the most This video will lower your score: 


RUSSIAN TOP GUN - The 
Russians have their version of. 
[Top Gun which includes 
specialized training and air 
‘combat maneuvers. Who has 


spectacular plays ever filmed combined with mixed guaranteed. 
ihe рем program, who will get up craziness on the diamond makes this video a 33006 30 minutes 5 14.99 
shoot his enemy out of the must for those who enjoy America's favorite BOB ROSBURG'S, BREAK 90 IN 21 DAYS - If 
sky? pastime. you cannot break 90 after completing this program, 
#9921 40Minutes $1499 #6027 30 minutes $1499 return it for a full refund, guaranteed. 

HOCKEY, THE LIGHTER SIDE - Bon Pau Алаша S199 
ATTACK CHOPPERS - Striking fear across th Y, IGHTER SIDE - Bone T А ко. 
battlefield of the world, no weaponsysemhas ^ sTunching checks, silly slips and falls, andcrazy GOLF GREATS = Billy Casper. Orville Moody, 
become so lethal so quickly as the Attack Helicopter. encounters onthe ice are all featured here with some sive you tips on the driver, fi ay woods оп алй 
#7025 42 minutes $1499 Le os es PA minüies йй play. fairway and greenside bunkers and more. 

T á 30 minutes $ 14.99 

WEAPONS OF WAR - Declassified spectacular — GOLF FUNNIES - See celebrities and pro golfers 
footage of the incredible weapons that protect hit some of the weirdest and wackiest shots ever 
America. This is the first time that this action is made. "These are goofy outtakes that are never 
available on video, Incredible ! : shown on Sunday network broadcasts 
#8423 45 minutes $1499 #6699 30 minutes 514,99 BLOOD, SWEAT AND 


GEARS - Big Foot, Monster 
Trucks and other car crushing 
thrill shows all come to life in 
this U.S. Hotrod Association 

video. Feel the power as you 


*FREE VIDEO watch and listen to this video in 


HUNT FOR RED SUBS - See the United States 
Navy's fleet of Hunter/Killer nuclear powered attack 


submarines in action. ^ 
2046 42 minutes $ 1499 


GHOSTS OF THE SKY - Feel the roar of the big 


Wright and Pratt & Whitney radial engines, the whine Stereo. : 
of the Packard built Rolls Royce Merlin V-12's in the Buy 3 Get Next Selection #6061 40minutes 5 14.99 
hottest WWII fighters. All color footage. ROCK N'RACING - Nitro 
32063 30 minutes $1499 FREE cars. nitro slammers and jet 

е НЕ " cars all come to life in this 
FIGHTER ACES OF WW II - See the pilots who Buy 4 Get Next 2 Selections party tape of the century. 


changed the course of WWII as they escorted 
American bombers deep into enemy territory and 
stayed to challenge, and defeat the enemy. See 


FREE #2051 30 minutes $1499 


NIGHTTIME FUEL AND FIRE - Crashes, flames 
actual gun-camera footage as four Aces of the 357th and explosions are yours in this video featuring top 
Fighter Group relate their story... fuel dragsters and nitro funny cars. Best Action 
#7133 48 minutes 5 14.99 Home Video, International MOTO Award. 

PO „_ _„„ Summe 251450. 
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VIDEO 
ч 
CORPORATION 


LEADING N, 


FOR FASTEST SERVICE CALL TOLL FREE 


1-800-776-7300 


1 NAME 
1 ADDRESS 
HIGH QUALITY A? 1 CITY, ST. ZIP. 
ENTERTAINMENT VALUE. | ' PHONE ( ) 
= ҮІЅА 0 MASTERCARD (0 CHECK O 


KETERS OF 
INTEREST VIDE 


LOW PRICES/HIGH VALUE 


FREE Wah purchase ot 
yi 


PRODUCT SUB TOTAL 


SONSQUDATED VIDEO CORP. 
EASY TOLL FREE 1 CARD EXP. DATE P.O. BOX 81 MN ADD 6% SALES TAX 1 
ORDERING 1 WAYZATA, MN 55391 
1 SHIPPING& HANDLING | $ 3,99 
MONEY BACK GUARANTEE | 1 SIGNATURE VHS ONLY 


$Р: 111 GRAND TOTAL 


Worried about global warming апа future energy 
crises? The answer, proponents of a nuclear option 
вау, is a new generation of fission power plants, 
safer, simpler, and more economical than current 
reactors. But the nuclear industry's troubled past 
makes most environmentalists skeptical. 


By ARTHUR FISHER 
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“I am convinced that this new generation of pas- 
sively safe, smaller, simple, and modular nuclear 
reactors can provide an economic, environmentally 
sound source of energy for the next century."— 
Paul E. Gray, president of MIT 


"Nuclear power now has a proven record, and it 
is a record of failure. There is no substance to 
nuclear industry claims that a ‘new generation’ of 
nuclear power plants could be designed to correct 
the economic, safety, and environmental problems 
that have plagued the current generation.'— 
Joan Claybrook, president of Public Citizen 


etween these antipodes of nuclear 

thinking lie shifting continents of 

opinions. The arguments over nuclear 

power, dating back at least a genera- 

tion, have never been as turbulent and 

complex as they are today because 
they have been stirred by the emergence of two 
ful drivers, each debatable in itself: an en- 
crisis and global warming. 

Those concerns have spurred many in and out 
of the nuclear industry to trumpet the merits of 
a proposed new generation of reactor designs, 
which they claim will not only eke out our en- 
ergy supplies but do so without contributing to 
global warming via the greenhouse effect; nuclear 
reactors, unlike plants that burn fossil fuels, do 


powe 
ergy 


lar 
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not belch carbon dioxide, the greenhouse gas. 

These new generation concepts range from some- 
what improved versions of the current reactor of 
choice in this country, the light water reactor 
(LWR), so-called because the hot reactor core is 
cooled by ordinary (not heavy) water, to one reac- 
tor cooled by liquid sodium and another cooled 
by helium gas. What they promise is not only 
greater simplicity and lower operating costs, but 
greater safety. Some are described as "passively 
safe" or "inherently safe," meaning that they may 
not need active controls or operator intervention 
in case of an emergency. In some designs, for ex- 
ample, cooling water would not have to be pumped, 
but would automatically flow by gravity where it 
was needed. 

But the nuclear industry, in the words of 
Kenneth M. Carr, chairman of the U.S. Nuclear 
Regulatory Commission, “is not in the best of 
health. In the past several years, there have been 
many predictions that the industry is in fact 
dying, and that it is just a matter of time before 
we throw on the last shovel of dirt." Is it realistic 
to expect a nuclear renaissance in this country 

To answer that question, it is necessary to ask 
why the nuclear option come to the moribund 
state it now occupies. In short, what went wrong? 

The promise of energy from the atom once 
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seemed limitless. In the heady days 
after the first atomic bombs had ex- 
ploded and the titanic power of nu- 
clear fission had been revealed, enthu- 
siasm for the beneficial aspects of the 
atom was unfettered. One journalist 
wrote that it could turn deserts and 
jungles into "new lands flowing with 
milk and honey" Another wrote that 
"Africa could be transformed into an- 
other Europe.” In 1958, Lewis Strauss, 
then chairman of the Atomic Energy 
Commission, made his famous predic- 
tion that electricity from the atom 
would soon be “too cheap to meter.” 


eginning with the impetus of 
President Eisenhower's "Atoms 
for Peace" plan in 1953, and con- 
tinuing for two decades, the march to- 
ward worldwide energy salvation by 
splitting the atom seemed inexorable. 

Then the nuclear passion began to 
pall. There were higher-than-predicted 
construction and operating expenses, 
making nuclear electricity less com- 
petitive with that from coal-fired 
plants. Then costly delays as the pro- 
cedures for getting a plant approved, 
built, and certified for operation be- 
came lengthier and more onerous (from 
beginning to end the span eventually 
stretched to a dismaying 14 years). 
Then a whole series of mishaps, some 
minor, some potentially major. Trou- 
bling reports of negligent work, inad- 
equate inspections, cover-ups. Grow- 
ing concerns about radioactive waste 
Storage, proliferation of bomb mate- 
rials, terrorism, disposal of spent re- 
actors. Anxiety over the health haz- 
ards of exposure to radioactivity. And 
the ultimate safety question: How 
could we be sure a reactor accident 
would not result in a fuel meltdown 
and disastrous release of lethal radio- 
activity? By the end of 1974, orders 
for more than 100 reactors were ei- 
ther canceled or postponed. 

Then in 1979 came the fuel melt- 
down at Three Mile Island-2 near Har- 
risburg, Pa., the most serious nuclear- 
plant accident yet to occur in the 
United States. Even though no lives 
were lost and measurements showed 
no one in the vicinity was exposed to 
dangerous levels of radiation, the in- 
cident panicked thousands, and the 
necessary cleanup job—at a cost of 
about a billion dollars—is still not 
finished. Three Mile Island mortally 
wounded the benign image of nuclear 
energy for a majority of the Ameri- 
can people. The far more serious 1986 
accident at Chernobyl in the Soviet 
Union—which killed 32, sickened hun- 
dreds, impelled the evacuation of 
100,000, and spread clouds of radioac- 
tive material over large areas of Eu- 
rope—was the coup de grace. 
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FINE-MOTION CONTROL-ROD DRIVES 


GENERAL ELECTRIC ABWR An “evolutionary” concept, this 1,356-megawatt reactor is a 
simpler version of current light water designs, which typically have about 40,000 valves. The ABWR 
will reduce by about half the number of welds now needed. Certification is expected in 1991. Two of 
these plants will be operated by the Tokyo Electric Power Co. by 1998. 
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WESTINGHOUSE AP600 One of the new “passively safe" concepts, this reactor would 
rely on gravity, natural circulation, and cooling by evaporation and convection in case of a 
loss-of-coolant accident, rather than a complex system of pumps. No immediate intervention by 
human operators would be needed. Actual construction could be completed in six years. 


The result was to becalm a once vig- 
orous industry. There are now 108 op- 
erating commercial nuclear plants in 
the United States, generating 18 to 
20 percent of the nation’s electricity, 
with 14 more under construction. But 
since 1978, not a single one has been 
ordered by any utility. Indeed, in the 
last decade, 60 reactors that had been 
ordered or were already being built 
were actually canceled. Three plants 
—Rancho Seco in California (pictured 
on the opening pages of this article), 
Seabrook in New Hampshire, and the 
$5.3-billion Shoreham on Long Island, 
N.Y.— are built and ready to operate, 
but stand idle, mute witnesses to the 
industry’s troubles. As one nuclear 
contractor said recently, “Anyone sug- 
gests a nuclear reactor to a utility 
board of directors, they will send for 


the guy with the net and with reason.” 

Can there be a born-again nuclear 
industry here, based on so-called “ad- 
vanced” reactor designs? That will de- 
pend on the answers to three ques- 
tions: Does the United States really 
need more nuclear power to cope with 
an impending energy crisis? Do any 
of the newer designs guarantee accept- 
able levels of economy, reliability, and 
safety? Can such thorny problems as 
radioactive waste storage, still intrac- 
table after more than 30 years of ef- 
fort (see box, Radioactive Waste Dis- 
posal), be resolved? Controversy rages 
on each of these points. 

Take energy. Most proponents of an 
expanded role for nuclear power agree 
that we face an energy crunch in the 
future. So do many die-hard opponents 
of nuclear in any form. After all, U.S. 


production of oil has shrunk 13 per- 
cent since the Arab oil embargo in 
1973, and in 1989 we relied on oil im- 
ports for 46 percent of our needs—the 
highest in a decade. And even though 
energy demand is notoriously difficult 
to predict accurately, future shortfalls 
seem inevitable, especially if there is 
a real effort to cut back on greenhouse 
gas emissions. One of the biggest prob- 
lem areas may be electricity. 

“We're living off the fat of the land 
as far as our electrical capacity re- 
serves for the last ten years are con- 
cerned," says David J. McGoff of the 
Department of Energy. (His title, re- 
markably, is associate deputy assistant 
secretary for reactor deployment, and 
he is the main man in the DOE's ad- 
vanced reactor program.) "We've 
worked down from about thirty-five- 
percent excess capacity to about twen- 
ty percent. At about eighteen percent, 
you're really on the jagged edge—you 
get into brownout and blackout situ- 
ations. We haven't been able to build 
much base-load capacity of any sort, 
much less nuclear, in the last ten 
years. The arithmetic shows that even 
with a modest growth in electricity de- 
mand, we're going to have to build a 
lot of base-load-capacity plants of some 
kind by the early or mid-1990s. You 
have two choices—coal or nuclear" 

Coal, of course, is the dirtiest pos- 
sible fuel when it comes to carbon di- 
oxide emissions. 


any in tlie environmental move- 

ment dispute the need for nu- 

iclear. They believe that energy 
needs probably can be met—even 
while reducing carbon dioxide emis- 
sions—by a reliance on energy con- 
servation and the promotion of non- 
polluting renewables such as solar, 
wind, and geothermal. 

Christopher Flavin, vice president 
of the prestigious Worldwatch Insti- 
tute, says, “If it were either use nu- 
clear or destroy the climate . . І would 
have to reconsider my opposition [to 
a nuclear option]. But I believe there 
is a whole range of other options that 
have been pursued only in a very half- 
hearted way. 

“When it is clear that we have re- 
jected nuclear technology, something 
I think will be apparent in the mid- 
1990s, that will free public opinion 
and the investment funds needed to 
really move ahead on those options. 
So we won't, for example, be spend- 
ing just twenty million dollars a year 
on solar thermal—that's peanuts. De- 
spite what you hear from DOE, there's 
no real commitment to energy effici- 
ency in this country. The end of nu- 
clear energy will mean a real commit- 
ment to an alternative-energy future.” 
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Representative Claudine Schneider 
of Rhode Island laments that the 
DOE's nuclear-power budget for fiscal 
1990 is more than $700 million, where- 
as research and development for en- 
ergy efficiency gets less than $200 
million, and research and devel- 
opment for all solar and renew- 
able technologies is awarded a 
paltry $100 million. 

The other side of the coin is 
epitomized by a report, pub- 
lished in the journal Science, 
written by a six-man energy task 
force headed by William Fulker- 
son of Oak Ridge National Labo- 
ratory. “Even if energy is used much 
more efficiently," it stated, “а sustain- 
able reduction in carbon dioxide emis- 
sions will require better non-fossil 
sources. None of these non-fossil en- 
ergy sources [nuclear, solar thermal, 
photovoltaics, wind, geothermal, ocean 
thermal, wave and tidal power, fusion] 
are ready to be put into use at the 
level of performance, cost, and social 
acceptance required to be competitive. 

“Nuclear power is perhaps the near- 
est to being ready, but a significantly 
expanded deployment is constrained 
by concerns over reactor safety, acci- 
dental reactor damage, and diversion 
of nuclear fuel to weapons; by prob- 
lems with managing waste; and by es- 
calating capital and operating costs." 

To bring improved nuclear power 
on-line, the study suggests, will take 
some $3 billion to $4 billion over the 
next 10 years. 

Ironically, it is this last factor—cost 
—and not safety or global warming 
that may be the most important in- 
ducement in the nuclear industry's 
search for a "new generation." 

For the utilities, at least, the resist- 
ance to acquiring new nuclear plants 
has been in large part economic. Carl 
H. Seligson, managing director of Kid- 
der, Peabody & Co., raised that con- 
cern in an address to the Nuclear 
Energy Forum in San Francisco last 
November: "Investor experience with 
utilities that have built nuclear plants 
in the past has been less than a happy 
one. Billions of dollars supplied by 
investors have been written off the 
utility books, and some forty percent 
of the companies with nuclear gener- 
ation have had to reduce or omit their 
dividends on common stock, not char- 
acteristics expected by the typical util- 
ity investor. This history does not sug- 
gest that new investment will be easy 
to come by.” 


ne of the key players in the nu- 
clear industry today is Richard 
Slember, head of Westinghouse's 


Energy Systems Division. He is frank 
to say: "The driving force behind the 
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new generation of nuclear reactor de- 
signs is not safety. It is economics. 
“Tf I had to pick a single villain re- 
sponsible for the state of the nuclear 
industry in this country, it would be 
the way we approached the construc- 
tion of plants. We have ten to four- 
teen architect-engineering firms, five 
reactor vendors, and many utilities 
that each had enough ego or whatever 
to demand a custom-designed-and- 
built plant. As a result, the United 
States now has about one hundred ten 
nuclear plants of which every one is 
different. There is no standardization.” 


GENERAL ATOMICS 


HELIUM-COOLED REACTOR Key to the 
“walk-away” safe operation of the helium gas- 
cooled high-temperature reactor is the tiny fuel 
pellet (top left). The reactor fuel is encased in 
layers of heat and pressure-resistant materials 
that would lock in gases and fission products at 
the highest reachable temperatures. In this 
General Atomics design, the fuel is placed inside 
graphite fuel elements (above). 


Slember and many others both in 
and out of the industry contrast this 
situation with the one in France, a 
country where nuclear has run a rel- 
atively much easier course. The French 
have licensed essentially one technol- 
ogy, by Westinghouse, and have but 
one electric utility, Electricité de 
France. The result is a large number 
of standardized plants that are now 
up to 1,300 megawatts in size. 

“Construction crews can go from 
plant to plant,” says Slember, “start-up 
crews can follow through, and every- 
thing is replicated in a very disci- 
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LIQUID METAL REACTOR Claimed to be 
“walk-away” safe, the liquid metal design sub- 
merges the reactor core in a circulating bath of 
molten sodium. The drawing is of Argonne's 
Integral Fast Reactor, which will use a new fuel 
alloy more efficiently than current LWRs. It will 
also burn up more of the highly radioactive and 
long-lived actinides than other designs, thus 
easing the waste storage problem. The compari- 
son with LWR’s appears in the graph. 


plined, well-ordered program. That in- 
cludes the pooling of spare parts, the 
training of crews, the simulators to 
train the operators... This program is 
much easier to regulate than ours be- 
cause instead of 110 different designs 
you have one basic design at three dif- 
ferent power levels.” 

The French also have a political in- 
frastructure that centralizes control 
over their nuclear power program. 
That allows them to tackle the whole 
fuel cycle—the front and back end, en- 
compassing uranium supply, reproces- 
sing of spent fuel, and waste disposal. 


“They did this as a national objec- 
tive to achieve energy independence 
for a nation with poor fossil-fuel re- 
sources,” says Slember. “They have 
been successful. You can get into an 
argument about whether the United 
States has an energy policy or not; it’s 
all in the eye of the beholder.” 


n the eye of the DOE, at least, the 

policy toward new generation reac- 

tors seems fairly close to jelling. 
The DOE is spending hundreds of mil- 
lions of dollars on a number of these 
advanced concepts. Last year, for ex- 
ample, contracts for $50 million each 
were awarded to groups headed by 
Westinghouse and General Electric for 
work on designs that are improved 
variants of current LWR designs. The 
concepts are dubbed the AP (Advanced 
Pressurized) 600 and the SBWR (for 
Simplified Boiling Water Reactor), 
respectively. Other funding for this 
reactor research comes from the Elec- 
tric Power Research Institute, a util- 
ity consortium. 

In his Washington, D.C., office, the 
DOE’s David McGoff outlined a time- 
table of reactor developments as they 
are currently foreseen. 

“We're projecting a renewed need for 
nuclear power in the early 1990s. If a 
utility manager is going to go out and 
mortgage his future to buy a nuclear 
plant, he’s going to want—at least 
initially—something he’s comfortable 
with, something that’s been operating 
in the past and has a proven track re- 
cord. So I think it’s generally accepted 
that in the near-term—1990 to the 
end of the century—any new nuclear 
generation is going to be some sort of 
advanced light water reactor. You'll 
get agreement on that from both the 
utility industry and the government." 

The next generation beyond current. 
ones, McGoff says, are therefore what 
he terms "evolutionary LWRs.” They 
will use essentially the same concepts 
as present LWRs, except that “people 
will apply some common sense to 
them: Let's not run them quite so hot. 
Let’s lower the power rating. Let’s in- 
crease the ratio of the amount of cool- 
ing water to the amount of fuel, so 
we have more time before things get 
bad in case of upset conditions. Let’s 
renegotiate the geometry so there 
aren't large penetrations in places be- 
low the core, so if there are any leaks 
we'll always have water above the core. 
These are simple things, but they re- 
sult in a probability of fuel failure ten 
times smaller than in the present 
LWRs.” 

GE has designed such a reactor, 
the Advanced Boiling Water Reactor, 
or ABWR. The design is now going 
through a new (as of 1989) Nuclear 
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Regulatory Commission certification - 


procedure, which will cut years from 
the whole licensing process. It should 
be complete by the end of 1991. But 
in a parallel move, GE is actually 
building two of these reactors in Ja- 
pan in conjunction with Hitachi and 
Toshiba. The plants will be purchased 
by the Tokyo Electric Power Co., the 
world's largest private utility, and 
should begin operating in the late 
1990s. 

At a hefty 1,356 megawatts (elec- 
tric), the evolutionary ABWR design 
does not meet the lower-power goals 
of the truly *advanced" concepts. But 
GE claims that it will make reactor 
maintenance and operation easier by 
using 10 internal circulation pumps 
instead of the external pumps used in 
most LWRs. This will greatly reduce 
the amount of piping required and cut 


about 50 percent of the welds in the 
reactor assembly. And the placement 
of large water-injection nozzles above 
the top of the core rather than below 
it means that even in the case of a 
loss-of-coolant accident, the fuel in the 
core will remain submerged in liquid. 


design were built in the United 

States, when could it start operat- 
ing? “No new nuclear plant can oper- 
ate here before 1998 in my view," says 
McGoff. “Even if you took one of the 
evolutionary designs and ordered it af- 
ter its certification, you still get to 
1998 or 1999” 

Oddly enough, an advanced LWR 
might be ready to generate power by 
the same time, even though certifica- 
tion for one of these "passive" designs 
is further off, perhaps 1995 or 1996. 


[: ап ABWR ог other evolutionary 


When nuclear reactors produce energy by 
fissioning, or splitting, uranium atoms in fuel 
rods, they generate radioactive byproducts. 
Some are fission products—fragments of the 
original uranium nucleus. Some belong to the 
actinides, the series of heavy, radioactive el- 
ements with atomic numbers from 89 to 103. 
Actinides are created within the fuel rods 
through the process called transmutation. For 
example, a nucleus of uranium-238 absorbs 
а neutron and is transmuted to plutonium-239. 

The length of time any of these byproducts 
remains highly radioactive varies enormously, 
as given by its half-life. The half-life is tne 
amount of time it takes for half the nuclei of 
a given radioactive element to decay. After 
10 half-lives, the level of radioactivity is about 
а thousandth of the original. The important 
fission products strontium-90 and cesium-137 
have half-lives of about 30 years. The half- 
life of plutonium-239 is 24,000 years, and 
that of neptunium-237 is 2.1 million years. 

A 1,000-megawatt commercial reactor gen- 
erates about 30 metric tons of spent fuel a 


RADIOACTIVE WASTE DISPOSAL 


year. High-level waste constitutes only a small 
fraction of this quantity. But because the orig- 
inal plan to reprocess the spent fuel was aban- 
doned in 1977, the whole mass of used fuel 
rods must be stored. Otherwise, reprocessing 
would compact the most radioactive waste into 
glassy bricks—a mere two cubic yards of 
material per reactor per year. 

Spent fuel rods from commercial nuclear 
plants have been stored “temporarily” in 
cooling ponds at the plants; these are filling 
rapidly. The DOE has been seeking for years 
to develop a permanent, underground high- 
level waste depository, and one was mandated 
in Congress in 1982 to be opened by 1998 at 
the latest. In November, the DOE deputy sec- 
retary Henson Moore said the agency would 
have to reconsider plans for its proposed Yucca 
Mountain, Nev., site, pictured here, and that 
a repository could not be opened until 2010 
at the earliest. The change was triggered by 
concerns about increased rain and possible 
contamination of the area's water supply. 
—A. F. 


ADOLPH BROTMAN 


Passively safe or inherently safe re- 
actors (many in the industry loathe 
these terms because they seem to im- 
ply that current reactors are by defini- 
tion unsafe) would rely on natural 
forces, such as gravity, to keep the re- 
actor safe during a loss of cooling ac- 
cident, such as a pipe break. There 
would be no need for immediate in- 
tervention by human operators or for 
an automatic kick-in of complex, mas- 
sive emergency systems that may re- 
quire copious amounts of electric power 
—supplied by standby diesel genera- 
tors if all external power to the plant 
were interrupted. 

For example, a passive LWR would 
have an emergency core cooling sys- 
tem whose water would move under 
the influence of gravity and com- 
pressed gas rather than being driven 
by an elaborate system of pumps. 

For various reasons, such passive 
systems mate well with smaller reac- 
tors rather than larger ones. "As a 
simple-minded example," says McGoff, 
“if you want to rely on rejecting ex- 
cess heat from a reactor just by let- 
ting it flow by conduction into the 
ground, the bigger the reactor is the 
harder it gets. The same is true for 
natural circulation: The head of water 
you need depends a great deal on the 
geometry and the power level." 

By coincidence, the utility industry 
and the DOE realized about five years 
ago that a reactor much smaller than 
the 1,200- to 1,300-megawatt behe- 
moths—around 600 megawatts, say 
—would be welcome. 

"The average utility size in the 
United States is about 6,000 mega- 
watts," says McGoff. "If the utility 
wants to add capacity, it often doesn't. 
want to get an extra 1,200 megawatts; 
that’s too big a bite. And the capital 
cost of one of these plants is about 
1,500 dollars per kilowatt. For a big 
plant we're talking about two billion 
dollars. So we settled on about 600 
megawatts both to meet utility needs 
and to allow the use of passive safety 
systems. And we ended up with de- 
signs for the passive, mid-sized, ad- 
vanced light water reactor.” 

McGoff believes that such designs, 
including the Westinghouse AP600 
and the GE SBWR, could be built in 
just six years after certification and 
site approval. “They are not only pas- 
sive and simpler, but modular, in the 
same sense that shipbuilding is. Ships 
are built in sections, carted to a site, 
and then assembled.” 

The Westinghouse AP600 uses both 
gravity and pressurized nitrogen gas 
in its reactor coolant safety systems. 

Heat can be removed passively 
through the steel containment vessel, 
which is cooled by both a water jacket 
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on the shell and by natural air circu- 
lation around baffles between the ves- 
sel and an outer concrete shield. These 
systems provide enough of a heat sink 
to last several days. 

The AP600 also uses an advanced 
digital information and control sys- 
tem, based on microprocessors, with 
both electrical and fiber-optic links. 

GE's SBWR has similarly passive 
features, such as gravity feed and nat- 
ural circulation. It is designed so that 
it needs no intervention by an opera- 
tor for 72 hours after a loss-of-coolant 
accident. After that interval, the op- 
erator would need only to add suffici- 
ent water. 

The ancestor of these passively safe 
light water reactor concepts is the 
Swedish PIUS (for Process Inherent 
Ultimate Safety) from the 1970s. It 
relies on a hydraulic pressure balance 
to separate the water in the coolant 
loop, which normally cools the reac- 
tor, from a large tank of borated water. 
In case of an accident, this balance is 
upset, and the borated water surges 
into the reactor and shuts down the 
fission chain reaction; boron is an 
efficient absorber of neutrons. 

At present, PIUS is not being ex- 
plored by the DOE. "It's a very difficult 
design," says McGoff, "because there 
can be all kinds of operating difficul- 
ties in maintaining the pressure bal- 
ance. You can imagine the reactor 


EMERGENCY REACTION TIME in the event of a total loss of the cooling system and/or a 


REACTION TIME 
UNLIMITED 


REACTION TIME 
UNLIMITED 


control failure, how much time do nuclear-plant operators have to intervene or emergency systems to 
start up before the fuel core overheats and leaks dangerous amounts of radioactivity? The range, as 
seen above, is from 20 minutes to unlimited, depending on the reactor design. 


scramming [shutting itself down] 
many times when you don't want it 
to.” 

Some in the environmental camp re- 
gret the DOE's position. One of them 
is Jan Beyea, a nuclear physicist who 


— 


Decommissioning is a fancy word for dispos- 
ing of nuclear reactors that are too old to run 
safely or economically—generally somewhere 
between 30 and 40 years after they started 
operating. Some 50 plants in the Western na- 
tions will have to be decommissioned in the 
next decade. 

How do you get rid of a nuclear plant? Be- 
cause of residual radioactivity, some of it high- 
level, you can't just pulverize and dump it. 
There are three basic techniques: entomb- 
ment, which means encasing the whole reac- 
tor in concrete and leaving it in place; mothbal- 
ling, which requires some initial cleanup and 
then sequestering it for decades until the re- 
actor is carved up and then shipped away for 
burial; and immediate dismantlement—rapid 
decontamination and disassembly. 

There are now about a dozen U.S. reactors 
—mostly small ones—awaiting disposal. The 
largest nuclear plant in the world to be decom- 
missioned so far is the 72-megawatt unit at 
Shippingport, Pa., which as a centerpiece of 
President Eisenhower's "Atoms for Peace" 
plan was the world's first commercial reac- 
tor, started in 1957 and closed in 1982. The 
DOE chose to cut out the heart of the plant, 
its 1,000-ton reactor vessel, and barge it some 
8,000 miles to a site on the Columbia River 
in Washington. There it was trucked (photo 
right) to the Hanford military nuclear reser- 
vation for burial in an earthen trench.—A. F. 


DECOMMISSIONING NUCLEAR PLANTS 


HOFIELD 


is now senior staff scientist at the Na- 
tional Audubon Society. His (and his 
organization's) position, he says, is 
easy to misunderstand, and, despite 
some news reports to the contrary, has 
not changed. *We remain opposed to 
the existing generation of nuclear 
plants for the obvious reasons: safety, 
nuclear-waste proliferation, econom- 
ics. But we do take the greenhouse 
problem very seriously, and think there 
is some sense in finding out whether 
these so-called passive, second-genera- 
tion reactors will work. So we support 
a research program, not a development 
program, to find out. The government's 
role should be testing. Of all the en- 
vironmental groups in the United 
States, I know of only two, World Re- 
sources Institute and Audubon, who 
take this position on research. Every 
other group either explicitly denounc- 
es second-generation nuclear concepts 
or hasn't taken a position at all." 
Late last December, The Critical 
Mass Energy Project, an arm of Pub- 
lic Citizen, the advocacy organization 
founded in 1971 by Ralph Nader, pub- 
lished a report titled “А Decade of De- 
cline" that recommended no further 
investment in nuclear power. And 
Daniel Е Becker, director of the Si- 
erra Club's global warming and en- 
ergy program, says: ^We have two po- 
sitions on nuclear power. First, мете 
opposed to it. We don't believe any new 
plants should be built. Second, we be- 
lieve we should phase out the others." 
This anti-nuclear current still runs 
strong and deep among many environ- 
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mental groups. Beyea recalls that 
when Sen. Timothy E. Wirth of Colo- 
rado first included a role for a dem- 
onstration nuclear reactor when he in- 
troduced greenhouse legislation, “all 
hell came down from the environmen- 
talists, and the reactor was dropped 
from the bill." 

Beyea thinks that the PIUS concept, 
originally designed to have a one-week 


safety margin, could be made to be 
“walk-away” safe for an unlimited 
time. “I’m afraid it will not be sup- 
ported by DOE simply because it's 
made in Sweden. I'm concerned that 
nobody's looking at it in this country. 

Two more radical reactor designs 
are potentially *walk-away" safe. That 
is, even if all systems failed, the oper- 
ators could simply walk away and 


leave the reactor indefinitely without 
fear of a disaster. 

One of these designs is the liquid 
metal cooled reactor, or LMR. The re- 
actor would be submerged in a pool 
of molten sodium, and the claim is 
that even in a worst-case accident the 
sodium, which gobbles heat hungrily, 
would never reach its boiling point, 


Continued on page 112) 


Dr. Paul E. Gray, president of the Mas- 
sachusetts Institute of Technology since 
1980 and a fellow of the American 
Academy of Arts and Sciences, has em- 
phasized the need for literacy in sci- 
ence in order for the public to help 
make the complex decisions involved 
in new technology in our world. Here 
Dr. Gray, an electrical engineer and ed- 
ucator, gives his personal views, not 
those of MIT, on nuclear power. 


he energy sources we have 

been using to operate the 

world's factories, transporta- 

tion systems, and homes will 

continue to foul our environ- 

ment in the 21st century— 
unless we make some dramatic changes 
in the 1990s. 

The United States, the world's larg- 
est energy consumer, should lead this 
change. Even with the prospect of so- 
lar and wind power, new nuclear 
power plants are going to be 
needed to meet energy needs 
and to replace the fossil fuel and 
nuclear plants of the 1960s and 
1970s that are nearing the ends 
of their 30-to-40-year lives. In- 
tensive conservation efforts must 
be undertaken, but they alone 
will not suffice. 

The new generation of nuclear 
energy plants must meet three 
requirements. 

First, plants must be able to 
pass a tough, realistic test to en- 
sure that even a total cooling 
system failure will not result in 
a meltdown or a dangerous re- 
lease of radioactivity. 

Second, plants must be de- 
signed to be passively safe with- 
out the active intervention of 
operators. 

Third, the political and technical 
problems of radioactive fuel waste dis- 
posal must be solved. 

Technological advances in reactor 
designs and materials in the past 20 
years make all three possible. 

Today, nuclear power in the United 
States is neither acceptable politically 
nor attractive economically in the 
form it has been used for 30 years. 
The public is enormously skeptical of 
nuclear power. 


WE NEED 
SAFER 
SMALLER 
SIMPLER 
REACTORS 


By PAULE. GRAY 


There is reason for skepticism. Light 
water reactors, based on those used 
in nuclear-powered submarines, have 
been scaled up to a size that requires 
multiple, independent, redundant safe- 
ty systems to prevent the release of 
radioactive materials in the event of 
an accident that causes loss of cooling. 
This “defense-in-depth” was proved 
effective at Three Mile Island, where 
there was a very small release of ra- 
dioactivity when the core partially 
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melted. But public skepticism has 
not been reduced. 

Now the nuclear power industry and 
the US. government are studying dra- 
matic changes in nuclear technology. 

Advanced nuclear reactors will pro- 
duce less power: 80 to 600 megawatts 
of electricity compared with 1,000 to 
1,500. The smaller scale offers signifi- 
cant advantages. First, these plants 
will be modular and largely factory- 
built, rather than being custom-built 
to unique designs on the site. Higher 
standards of quality can be achieved. 

Second, their standard design makes 
possible licensing by type rather than 
individually. This approach is like that 
used for commercial aircraft, which 
are certified and licensed by class, not 
by individual aircraft. 

Third, new reactors could be added 
gradually at a power-plant site as en- 
ergy demand increases. 

Scientists now believe it is 
possible to build nuclear reac- 
tors that will safely tolerate the 
simultaneous failure of the con- 
trol system, the cooling system, 
and even loss of the coolant it- 
self. That is not the only meas- 
ure of safety, but it is, in my 
opinion, a hurdle that must be 
cleared to win public acceptance. 

Lawrence M. Lidsky, an MIT 
professor of nuclear engineer- 
ing, has identified three differ- 
ent safety levels for reactors: 

Level one: No need for active 
systems in the event of subsys- 
tem failure. Immune to major 
structural failure and operator 
error. 

Level two: No need for active 
systems in the event of subsys- 
tem failure. Reduced immunity 
to major structural failure or op- 
erator error. 

Level three: Positive response re- 
quired in the event of subsystem mal- 
function or operator error. Defense-in- 
depth. No immunity to major structur- 
al failure. 

The more than 100 nuclear power 
plants currently operating in the 
United States are all safety-level three 
light water reactors that were de- 
signed 20 to 40 years ago. 

All of the advanced second-genera- 
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CAST YOUR VOTE ON NEXT GENERATION NUCLEAR POWER 


Join thousands of Popular Science readers by registering your 
views on the future of nuclear power in America. We'll publish the 
results of our 900-number poll in an upcoming issue—and bring 
them to the attention of leading policy makers, including 


1. Should the United States build more fossil-fuel 
generating plants or the new so-called safe nuclear 
generators to meet the energy crisis of the ‘90s? 
Press 1 for FOSSIL FUEL; press 2 for NUCLEAR 
2. if you could be convinced that a new generation of 
nuclear plants would be far safer than today's, would you 
favor building them? 

Press 1 for YES; press 2 for NO 
З. Would you be willing to put up with blackouts or 
brownouts rather than see new nuclear 
energy plants built? 

Press 1 for YES; press 2 for NO 


President Bush. You need a Touch-Tone phone to vote. Each 60- 
second call costs only 75 cents. If you need more time to answer 
the questions below, you will be billed 75 cents for each 
additional minute. 


4. Would you favor federal money being spent on 
research into alternative energy sources or a new 
jon of nuclear plants? 

Press 1 for ALTERNATIVE ENERGY; press 2 for NUCLEAR 
5. Do you think the government's current nuclear energy 
policy undermines our future energy requirements? 
Press 1 for YES; press 2 for NO 
6. Are you over age 40? 

Press 1 for YES; press 2 for NO 
7. Are you a parent? 

Press 1 for YES; press 2 for NO 


CALL 1-900-420-5100 


tion nuclear power plants under con- 
sideration are safer; some are consid- 
ered at level one and others at level 
two. Absolute safety can't be guaran- 
teed, whether you're designing a bath- 
tub or a nuclear reactor. 


currently under active study as 
the next generation of nuclear 
power plants. None has been developed 
to the stage of a full-scale demonstra- 
tion reactor, but all are based on ex- 
perience with other similar reactors. 

They include three advanced light 
water reactors: the AP600 from West- 
inghouse, the SBWR from General 
Electric, and the PIUS from Sweden's 
ASEA Brown Boveri. Then there are 
two helium gas-cooled reactors: one 
from General Atomics and a consor- 
tium under DOE leadership, and one 
conceived by MIT professors Lidsky 
and David Lanning that uses a gas 
rather than a steam turbine. The sixth 
advanced concept is the liquid metal 
(sodium) cooled reactor being investi- 
gated by Argonne National Lab and 
GE (see accompanying article, “Next 
Generation Nuclear Reactors"). 

At MIT, we have nuclear engineer- 
ing professors who are passionate (but. 
critical) advocates of each kind of 
system. 

They nominate the helium gas- 
cooled reactors, the liquid metal so- 
dium Integrated Fast Reactor, and the 
PIUS light water reactor as achiev- 
ing the greatest levels of safety. 

Safety, while critical, is not the only 
criterion. The advanced reactor must 
be a dependable machine and econom- 
ically competitive. 

The light water reactors have the 
advantage of many years of experi- 


$: advanced reactor concepts are 


ence. The new concepts are far sim- 
pler, and use the force of gravity, rath- 
er than pumps, to get the water to the 
reactor in an emergency. 

Engineers who are examining the 
liquid metal sodium-cooled reactors as 
a transformer of waste or for power 
are concerned about the security prob- 
lems involved in using plutonium as 
a fuel. They are also concerned that 
the barriers separating the sodium 
and the water or steam could burst 
and cause a non-radioactive fire in the 
steam generator. 

Engineers who are skeptical of the 
helium reactor are concerned that its 
ceramic and carbon-encased uranium 
“fuel pebble” might crack under high 
heat, thus permitting the graphite in 
the ball to escape into the air, where 
it could burn. They also note that the 
United States has not had much ex- 
perience with helium gas reactors. Ad- 
vocates of the helium reactor note that 
fuel pebbles from a West German reac- 
tor were recently subjected to 50 hours 
in 1,550-degree-Centigrade air, and 
the pebbles came through unscathed. 

One of these reactors, a 20-mega- 
watt West German version of a helium- 
cooled reactor, has safely passed full- 
scale, worst-case tests. One of these 
tests was televised and is expected to 
be shown on American television this 
year. 

For me, it is crucial that the plants 
must be testable so their safety can 
be demonstrated to the public. For 
that reason, I believe the 90-to-100- 
megawatt helium-cooled helium tur- 
bine reactor—an MIT design based on 
a German reactor now inactive after 
23 years of service—holds the most 
promise. Its small size makes it intrin- 
sically safer because the core is small 


enough that it can’t heat up to a level 
that will damage itself. The reactor 
is totally underground (as are some 
of the other new designs). The helium 
turbine, driving a high-speed genera- 
tor made possible by recent advances 
in power electronics, is an intrinsically 
simpler machine than steam turbines 
used in the other designs. 

A unique feature of the helium- 
cooled reactors is that each fuel ele- 
ment, whether billiard-ball-sized fuel 
pebbles or larger graphite blocks, con- 
tains thousands of microscopic parti- 
cles of fuel, each encased in its own 
immensely strong silicon carbide con- 
tainment sphere. 

These miniature “containment ves- 
sels” can withstand the highest tem- 
peratures that would ever arise with 
the maximum nuclear activity and 
with a complete failure of cooling. The 
ceramic material prevents the escape 
of radioactive materials. 


ome environmental leaders have 

recently expressed cautious sup- 

port for more research on this 
concept. 

I believe that this nation should com- 
mit major financial resources to the 
program of research aimed at devel- 
oping an advanced, standardized new 
generation of nuclear power plants. An 
adequate program of research, devel- 
opment, design, and full-scale testing 
and evaluation would cost $1 billion 
to $2 billion over a period of 10 to 15 
years. 

Such an investment is small, indeed, 
if advanced nuclear plants can meet 
the growing global demand for ener- 
gy that neither pollutes the atmo- 
sphere nor otherwise contaminates our 
environment. us 


POPULARSCIENCE APRIL 1990 | 77 


GOING SLOW,S 


STOPPING, GO 
FASTEST, BACI 


DOWN SPEED 
AROUND, GOIN( 
FAST SLOW FA 
FAST SLOW, 
NEVER BEEN EASI 


That’s because theres never been a riding mower with a hydrostatic drive system before. A system 


Popular Science hailed as one of 19895 greatest achievements in science and technology. It lets you stop, gc 


slow, fast and anywhere in between in one fluid move. With one simple lever. It lets you handle tight spaces as i! 


For optimum performance and safety, we recommend you read the owner's manual before operating your Honda Power Equipment. © 1990 American Honda Motor Co. Inc. 


WER, SLOWEST, 
IG FAST, FASTER, 
NG UP SLOWING 


hey were wide open ones. In other words, it lets you pay more attention to the mowing. And less to the mower. 


So test drive one today.*It’s a first. And it's only from Honda. For the nearest dealer, consult 


your Yellow Pages or call our toll-free number. And ask about convenient financing. ТТ 
маама: 1-800-426-7701 


By DAN McCOSH 
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onda's Accord has been the kind of 
small sedan that's tough on a car- 
ton of eggs. You know what we mean 
—one of those reasonably priced, 
mainstream, gone-to-the-store cars 
with handling and performance that 
seduces you into flinging it into one 
too many tight turns on the way 
home from the market. Before you 
know it, the fun is interrupted by 
the sound of tearing paper and crash- 
ing eggs as the groceries are scat- 
tered across the trunk. 

The Accord evolved from a diminutive, albeit fuel- 
efficient, econocar in the 1970s to a solid, lively people 
carrier in the 1980s. Built with watchlike precision, it 
attracted a following of devotees recognized for its fierce 
loyalty. This, while European marques priced themselves 
into the stratosphere and U.S. car makers concentrated 
on the larger sedans that are their traditional bread and 
butter. 

Honda's upward sales curve has now crossed the down- 
ward sloping line of the competitors—when the final 1989 
sales figures were all tallied, the Accord had taken the 
honors as America's best-selling car. It's even a stretch to 
call the Accord an import, as 60 percent of the 362,000 
sold here last year were assembled in Marysville, Ohio. 

The fourth-generation Accord Honda unveiled late last 
year is not your father's Accord, and neither is the imme- 
diate competition in the compact category for that mat- 
ter. Honda and the other principal players from the East 
are redefining the bounds of what a compact sedan is. A 
new crop of Asian sedans from Hyundai, Mitsubishi, 
Nissan, and Subaru advances a whole rung upward on the 
ladder of development in terms of quality and execution. 

But prices also are pushing the high side of the mid- 
teens as fuel economy is slipping into the low 20s—making 
ownership a much costlier proposition than the days when 
these cars were below average in price and above average 
in fuel economy. (That leaves an opening in the entry- 
level sedan business for the fledgling Korean auto indus- 
try and enterprising domestic car makers such as Gen- 
eral Motors, which is expected to launch its multi-billion- 


MITSUBISHI GALANT dollar Saturn small-car project before the year is out.) 


| HONDA ACCORD 


| HYUNDAI SONATA 


The Japanese will prove to be a tough act to follow, let 
alone upstage. Their latest efforts lean toward the abandon- 
ment of simple designs, stressing technical achievement 
NISSAN STANZA instead. This year several key players turned up the fire, 
introducing a slew of new engines and suspension designs; 
the electronic controls alone are enough to confuse a 747 
pilot. This puts pressure on Honda, which has earned a 
reputation for introducing ground-up engineering changes 
faster than any other auto company. 

To find out where the dust is settling on the small-sedan 
front, we pitted the 1990 Accord against four of the most 
significant contenders to Honda's supremacy—Mitsubishi 


SUBARU LEGACY 


PHOTOS BY JOHN B. CARNETT Galant, Nissan Stanza, Subaru Legacy, and Hyundai So- 
nata. These are also the newest competitors in the com- 
pact category. Toyota's Camry and the Mazda 626, on the 

Together, these four up- other hand, are both approaching the end of their life cy- 
cles and due for a freshening up. 
starts could dethrone All in all, it’s a nouveau crowd of contenders. Most of 
3 these cars lack the lineage of the Accord, or in some cases 
Honda S latest Accord as would rather keep their less than honorable relatives in 
the closet. 
the benchmark of small ©The Nissan Stanza emerges in 1990 like a prom queen 
» after a scruffy adolescence. The new generation of Nissan's 
family sedans. Can any mid-range sedan is a quiet statement in uncluttered inte- 
* rior design that is larger, quieter, and more rigid than the 
one of them do it alone? aging car it replaces. 
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Aspiring compact sedan champions (top to bot- 
tom): Nissan Stanza, the quickest car of the 
group from 0 to 60 mph and 60 to 0 mph; 
Hyundai Sonata, with the lowest window sticker 
price; Mitsubishi Galant, the fastest through the 
slalom course and most costly of the test vehi- 
des; and Subarv's first upscale sedan, the highly 
competent Legacy. 
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eThe Subaru Legacy is this bargain- 
basement auto maker's first deliber- 
ately upscale sedan. Subaru previously 
marketed its cars on the appeal of low 
cost and four-wheel drive. Taking ad- 
vantage of a low hood height made 
possible by a flat-four engine design 
(horizontally opposed cylinders, Volks- 
wagen-style), the styling of the Leg- 
acy captures much of the glassy ele- 
gance that once was the exclusive 
domain of Honda. 

eThe Mitsubishi Galant is the most 
expensive (as equipped for this test), 
heaviest, and the most electronics- 
laden in the group. In appearance it’s 
high-sided and lumpy, with a piece- 
meal instrument panel. But it sits you 
down in living-room comfort with good 
visibility and considerable interior 
space, traits both sacrificed in some 
of the competitors to the steeply raked 
windshields. 

eHyundai is only a few years away 
from its early “blue-plate special” cars 
that put a premium on utility. The So- 
nata continues in this vein, bringing 
loads of interior space and a laundry 
list of options and features, including 
an optional V6 engine. (To keep it on 
an even footing with the others in the 
group, we tested the Sonata with its 
standard four-cylinder engine.) 


s defending champ, the new Ac- 
cord enters the ring more mature, 
ophisticated, and substantial 
—the result of Honda’s intentional 
repositioning to the upper edge of the 
compact class. Yet it’s also afflicted 
with a case of middle-age spread, hav- 
ing gained some 178 pounds over the 
1989 model. It’s a whopping 900 
pounds chubbier than the mid-1970s 
model that was able to wring 48 mpg 
from a carburetor-equipped 1.6-liter 
engine, compared with 30 mpg today. 
In the intervening years the tastes of 
the car-buying public have changed 
and the EPA fuel-economy test proce- 
dures have been revised considerably, 
but the 1990 Accord certainly doesn't 
win any accolades for gas mileage. 
The additional weight of the new 
Accord explains some of the power- 
train changes. In search of additional 
torque, the piston displacement of the 
aluminum block was increased 10 per- 
cent to 2.2 liters. A 16-valve cylinder 
head was added, and port fuel injec- 
tion finally eliminates one of the last 
carburetors in production (on the 1989 
LX sedan). The DX and LX models 
are rated at 125 horsepower; the EX 
gets a different exhaust manifold and 
dual pipes, so it produces 130 hp. 
The enlarged displacement calls for 
special balancing techniques—single- 
plane, counter-rotating balance shafts 
to control shaking forces, and a tricky 


electronically controlled hydraulic en- 
gine mount on cars with automatic 
transmission to isolate the vibration 
(see box, Calming the Shakes). 

The Accord’s modernized engine still 
produces less horsepower than the 
free-revving Mitsubishi two-liter 
DOHC power plant. The Galant GS 
gains top honors in specific output by 
pumping out 135 hp, though it pro- 
duces less torque than the Accord; 
both its power and torque peaks oc- 
cur at higher rpm than the Accord’s. 
Because of this, the Galant’s engine 
balance shafts are offset-mounted for 
maximum effectiveness at high en- 
gine speeds. The Accord’s single plane 
mounting is optimized to counteract 
vibration at mid-range rpm and side- 
steps conflict with Mitsubishi’s patents 
on the system. 

Subaru’s oddball opposed 2.2-liter 
16-valve engine is in the same ball- 
park, making 130 hp, but the Hyun- 
dai’s 2.4-liter four falls short, produc- 
ing only 116 hp. The real power edge 
is held by Nissan's 2.4-liter engine, 
with three valves per cylinder, which 
makes 138 hp. The Stanza’s power 
train is further enhanced by a viscous- 
drive limited-slip differential—one of 
the first applications of this technol- 
ogy in a front-drive car. 

Ultimately, the power ratings told 
the story at the drag strip, with the 
Stanza clearly out front in accelera- 
tion, posting a 0-to-60-mph time of 9.5 
seconds. This is a level of performance 
we would have expected from a sport 
coupe and nearly a second faster than 
the second-place Subaru. Fractions of 
a second separated the Legacy from 
the Galant and Accord, all in the 10.5- 
second range. The low-powered Hyun- 
dai Sonata was left in the dust, tak- 
ing 11.6 seconds to get to 60 mph. 

Overall, this is lively, but not head- 
snapping performance, a reflection of 
the extra poundage these sedans now 
carry. Most of that weight has gone 
to good use, providing stiffened body 
structures and increased overall size. 
It’s the kind of development work that 
brings about a character change and 
gives at least four of these sedans the 
solidity that justifies their increased 
prices. The stiff structures also help 
the new suspensions work with mini- 
mum extraneous effort. But some 
worked better than others. 

Honda’s suspension philosophy might 
well be traced to its most distinctive 
styling feature—the low height at the 
center of the hood that creates an airy 
feeling inside the cockpit. A major con- 
tributor to the low cowl height is the 
use of a sophisticated double-wishbone, 
or control arm, suspension design that 
is shorter than the MacPherson strut 
design used on the other four cars. The 
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double-wishbones also should give 
good control of wheel camber in hard 
cornering. 

When pressed, however, the Honda 
yields to substantial understeer that 
slows it in the lane-change test and 
cuts grip on the skid pad. I also felt 
that the power steering, although vast- 
ly improved over the old two-stage sys- 
tem, still is too mushy at low speeds 
until the boost is automatically low- 
ered at highway speeds. 

At the other extreme, the Subaru 
Legacy was a bit tail-happy in the sla- 
lom and lane-change. The Stanza finds 
a happy medium, sticking aggressively 
with quick, precise steering. Three of 
the test cars—the Accord, Stanza, and 
Legacy—achieve handling at the ex- 
pense of a grumbling ride, with hard 
bumps beating on the floor pan like a 
kettle drum. The Hyundai’s ride was 
disappointingly noisy. 


е real finesse in the suspension 
department is achieved by the Ga- 
lant, which combines a silky ride 

over bits and bumps, and still finished 
top in the lane-change and slalom. The 
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only flaw was {һе speed-sensitive pow- 
er steering, which felt a bit light un- 
til I tapped the control switch to the 
"sport" setting. 

Because the Galant was the only car 
in the group without an independent 
rear suspension (relying instead on 
the twisting-beam rear axle favored 
by Audi and Chrysler), I'd credit its 
superior handling and ride to the ex- 
cellent 60-series tires and one of the 
few electronically tuned suspensions 
that really seems to work. 

The Galant's system automatically 
adjusts shock settings and evens ride 
height to various speed and cornering 
loads. There is an additional air spring 
at each wheel, and the shock absorbers 
offer four stages of compression and 
rebound damping. Sensors that meas- 
ure front and rear height, lateral ac- 
celeration, throttle position, and an- 
gular velocity of the steering wheel 
feed information to a central computer 
that constantly readjusts itself for the 
driving conditions. 

The Galant's most attractive elec- 
tronic tidbit is an optional anti-lock 
braking system. Combined with the 


Designing a way to mount a four-cylinder en- 
gine to the car's chassis that isolates the pas- 
senger compartment from engine vibration is. 
a tricky task. A mount that is soft enough to. 
damp out the engine's shaking forces at idle 
would allow the engine to hop up and down 
at the redline. So most'mounts are a com- 
promise: a bit stiffer than optimum at idle, 
but still too soft at higher speeds. Honda's 
solution for Accords fitted with the automatic 
transmission is an electronically controlled 
two-stage mount that adjusts to engine speed 
to calm an engine's shakes. 

The Accord's 2.2-liter engine is suspended 
by three hard rubber mounts and a fourth 
variable-rate hydraulic mount at the engine's 
rear. Inside the fourth engine mount there are 
two ethylene glycol reservoirs separated by a 
rotary valve. At idle speed, the valve is open, 
as shown in the drawing below, allowing the 
fluid to flow freely between chambers to give 
a highly compliant mounting point. Above 770. 
rpm, the engine control computer signals the 
vacuum actuator to close the valve separat- 
ing the reservoirs, producing a firmer engine 
mount.—Brian Nadel 


ENGINE MOUNT 
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four-wheel disc brakes, the car came 
to a fadeless 139-foot stop from 60 
mph. This was good enough to group 
it with the lighter Sonata and Stanza, 
which also stopped in the 140-foot 
range, some 20 feet less than the Ac- 
cord and Legacy. Anti-lock brakes are 
available only on the Stanza, Galant, 
and Legacy (though only with the 
four-wheel-drive option). 

Lack of anti-lock or four-wheel disc 
brakes is one of the few misbeats for 
Honda’s latest effort. Likewise, the ex- 
treme irritation of automatic seat belts 
could have been avoided with an air- 
bag installation. The Accord may not 
be lost in the crowd, but it’s getting 
tougher today to justify a car in this 
price range that lacks these features, 
not to mention that much of its com- 
petition offers a V6 engine option or 
four-wheel drive as well. 

In the final analysis, I'd say the four 
Japanese contenders for the throne all 
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deserve a share of the upholstery: The 
Galant has a clear edge in all-around 
handling and ride. The Stanza, like- 
wise, is quick through the cones, has 
the best brakes, and is the fastest. The 
Subaru is at least solidly in conten- 
tion, but lacks the same attention to 
detail evidenced by the other cars. And 
while the Hyundai provides a lot of 
car for the money, it doesn't measure 
up to the competition. 

The Accord's strong point remains 
a sense of style and purpose, plus at- 
tention to detail that adds up to a sin- 
gular car with a definable personal- 
ity. It's neither the best-handling nor 
the fastest, but its performance re- 
mains balanced and lively enough to 
keep you banging those groceries. Els] 


FALLEN HERO, NEW CHAMPS 


Picking a favorite from this clutch of new and 
near-new compact sedans is no easy task be- 
cause there isn't a turkey in the bunch. Tak- 
ing them alphabetically: 

өТһе Honda Accord was perhaps the big- 
gest disappointment of the test. The new de- 
sign has several positive attributes—more 
room, greater suspension travel, and a larger 
engine—but this perennial favorite has defin- 
itely slipped off the top mark. Acceleration is 
only mid-pack, the engine grumbles and 
groans at high rpm, and there is no anti-lock 
brake option. Still, the Accord feels agile be- 
cause it has quick, direct power steering. 

| was most surprised by the overall good- 
ness of the Hyundai Sonata. It boasts two 
major virtues—by far the cheapest sticker 
price and the largest interior of the group 
—and the exterior styling is tasteful to my 
eye. Unfortunately, due to numb steering and 
inept suspension tuning, the Sonata is de- 
void of driving pleasure. 

eThe Mitsubishi Galant is the exact oppo- 
site: expensive as equipped for our test, but 
worth every nickel in sheer driving fun. It's 
the only sports sedan of the bunch and a gen- 
uine alternative to a BMW. 

| was impressed by the strides made in 
the Nissan Stanza. Its plain-vanilla styling and 
pedestrian seating accommodations make it 
clear that this is no sport sedan, but it does 
a superb job overall. It's quick, agile, and 
neatly finished. Unfortunately, the engine is 
noisy, and the Stanza's ride is harsh over pave- 
ment expansion strips. 

eThe Legacy is far and away Subaru's best 
effort to date. The styling is distinctive, the 
ride pleasant, and the engine fairly smooth. 
The down side is wind noise, vague steering, 
and the lack of anti-lock brakes on front- 
wheel-drive models. 

It would be nice to pick and choose from 
the various strong points embodied in this test 
to create today's most nearly perfect compact 
sedan. Of course, when you head for the show- 
rooms that's impossible. If | were in a buying 
mood and my budget were tight, I'd pick the 
Nissan Stanza GXE. If the window sticker were 
not of paramount concern, I'd drive home in 
the Mitsubishi Galant GS.—Don Sherman 
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Classic Breed... Classic Art 


The golden retriever is admired by 
sportsmen for its superior intelligence 
and tracking ability. But it's the ani- 
mal’s friendly disposition, even 
temperament, and thick, beautiful 
coat which have made the golden 
retriever a favorite family pet. 

Now, acclaimed artist Bob Christie 
has devoted his considerable talents 
to honoring this classic sporting dog. 
The result is “Golden Retrievers,” an 
heirloom-quality work, sure to be trea- 
sured by anyone who admires this 
much-loved sporting dog and pet. 

Presented on flawless, shimmering 
porcelain, “Golden Retrievers” repre- 
sents Bob Christie’s first-ever limited 
edition collector plate; a powerful tes- 
tament to the talents of an artist 
whose limited-edition prints are eag- 
erly sought by thousands of collectors 
and admirers throughout the U.S. 

“Golden Retrievers” gains further 
significance as the premiere issue in a 


landmark collection entitled Classic 
Sporting Dogs, which honors eight 
favorite sporting breeds, including the 
Irish Setter, Labrador Retriever, and 
others. Each issue will be enhanced 
with a generous 23K gold border, 
hand-numbered оп its reverse, 
accompanied by a same-numbered 
Certificate of Authenticity, and limited 
to a total of 14 firing days. 

As an owner of “Golden Retrievers,” 
you have the right — but no obli- 
gation — to acquire the remaining 
plates in the collection, as presented. 
Furthermore, our 100% Buy-Back 
Guarantee assures that you may 
return any plate for a full refund within 
30 days. 

Considering the appeal of this art 
— and the popularity of Bob Christie's 
limited-edition prints — competition 
to acquire "Golden Retrievers" should 
be quite strong. Applications will be 
processed in order of receipt, so send 
yours today! € 1989 HC 


m 
| Respond by: April 30, 1990 | 
l Limit: Two plates per collector | 
| 


Accept my application for — (1 or 
| 2) “Golden Retrievers” at $24.50 (plus 
$2.96 shipping and handling) each, for 
| a total of $_____($2746* for 1 or 
| $54.92* for 2. Check one: 
| О Check or money order enclosed. 
| О Charge my: 
| O Visa O MasterCard D) Amer. Exp. 
| Acct. No. 


| Exp. Date 

| Ms./Mrs./Mr. 
| Address 

| City 
| Sic — —— —— Zh 
| loanni ———————— ——- 
1 *СА residents add $1.53; FL residents add $1.47; IL 1 
| residents add $1.72 per plate for ах. All applications | 

must be signed and are subject to acceptance. Allow 6- 
1 8 weeks from receipt of your application for shipment. | 
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Bump your computer's AC plug and hours of work might vanish. 
The cure: new integrated circuits that use ferroelectric ceramics 
to store data permanently whenever power is switched off. 


ORY CHIPS THAT 
DON'T FORGET 


By JOHN FREE 


COLORADO SPRINGS 
heff Eaton, a mem- 
ory-chip design 
manager at Ram- 
tron Corp., runs 
his hand over a 
computer printout. 
Overlapping blue 
rectangles cover the 
letter-size sheet. “This scale is 
20,000 times,” he says, describ- 
ing the microcircuit pattern 
that, at its true microscopic 
size, produces a single memory 
cell—one transistor and a ca- 
pacitor. The cell is one among 
more than four million on an 
advanced four-megabit comput- 
er-memory chip being devel- 
oped by Ramtron. 

Eaton points to the largest 
rectangle on the paper, a pat- 
tern that creates a long, deep 
trench in each memory cell for 
a capacitor. “In the future,” he 
says, "we'll replace this very 
complex trenching process with 
a small flat section composed 
of ferroelectric material" He 
shows me the square pattern for this 
—dwarfed by the trench pattern—al- 
ready designed into the microcircuit. 

This ferroelectric replacement—a 
ceramic that stores electricity better 
than ordinary semiconductor capaci- 
tors—is a revolutionary advance in 
chip technology. Eliminating bulky ca- 
pacitors on chips leaves room for mil- 
lions of additional memory cells or 
other circuits. That’s half the story. 
Ordinary chip capacitors need a con- 
stant source of electricity to store data: 
Weak batteries or a loose AC plug may 
wipe out memories. But ferroelectric 
ceramics, besides shrinking capacitor 
volume, can “remember” data for more 
than 10 years after power is removed. 

These chips are being sold by Ram- 
tron and National Semiconductor Corp. 
for computers, consumer electronics, 
avionics, satellites, cars, communica- 
tions, and more. As memory density 
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An ultra-thin ceramic coating on this five-inch silicon wafer enables memory chips sliced from it to store 
computer data even when power is removed. The chips are a significant advance in microelectronics. 


—how many digital ones and zeros 
chips store—grows, applications will 
range from solid-state replacements 
for slow power-hungry disk drives to 
the chip equivalents of compact au- 
dio discs. 

More work is needed though. The 
ceramic gradually loses its memory 
ability, so tasks demanding constant 
high-speed switching still aren't 
practical. Researchers want to extend 
endurance. 

А brief look at semiconductor mem- 
ories establishes the growing role of 
ferroelectronics—ferroelectric tech- 
nology combined with microelectron- 
ies: Most computers have read-only 
memory (ROM) chips that are non- 
volatile—retaining data without pow- 
er. ROMs are factory programmed. 
You can't write new data into them. 
A variation, PROMs (programmable 
ROMs), are do-it-yourself program- 


` Mui" 


mable, but they cannot be erased. 
An erasable programmable type, 
EPROM, traps electrical charges for 
nonvolatility, but needs long expo- 
sure to ultraviolet light to be erased. 
An electrically erasable chip, the 
EEPROM, also traps electrical charg- 
es. While EEPROMs are expensive, 
have a limited read-and-write endur- 
ance and memory life, plus other dis- 
advantages, they and related chips 
find special application niches (see 
box, A Flashy New Memory). 
Volatile random-access memories 
(RAMS), dependent on external power, 
come in different flavors too. Widely 
used dynamic RAMs, or DRAMs, store 
electrical charges in capacitors. DRAM 
storage cells are small, so many squeeze 
onto each chip and cut costs. Instead 
of using capacitors, static RAMs, or 
SRAMs, “remember” by circulating a 
current through one of two transistor 


groups. SRAMs need little power. They 
can be mounted on cards with tiny 
lithium batteries and used for gadg- 
ets such as electronic pocket memos 
[*Pocket Memories,” Jan.] or all-elec- 
tronic cameras [“Ріх-оп-а-Сһір Cam- 
era," Nov. '89]. 

Ramtron's ferroelectronic RAM 
(FRAM) combines the best of these 
memory groups. "It's the world's first. 
true nonvolatile read-write random- 
access memory," claims president 
Richard Horton. "The technology 
makes a nearly ideal memory device 
available, and fits with almost all sem- 
iconductor applications." 


at makes FRAMs work? In a 
conference room at Ramtron's 
industrial-park site, Horton 

shows me a diagram of a single ferro- 
electric crystalline cell (see box, Mem- 
ory Crystals Shrink Capacitors). “If 
you apply a voltage across a cell,” 
he says, tapping the cubic cluster of 
atoms, “the electric field actually al- 
ters this crystal's structure. It's a phys- 
ical displacement,” Horton says, ex- 
plaining how the crystal’s central 
metal atom moves up or down depend- 
ing on the electric field polarity. “That 
shift generates a large signal,” he 
adds, “and metal contacts near the cell 
will sense that signal.” 

This ferroelectric effect was first rec- 
ognized in 1921. Memories made with 
thick ferroelectric-ceramic films in the 
1950s and 1960s failed because of sev- 
eral limitations and technical prob- 
lems. In the early 1970s, researchers 
George Rohrer and Larry McMillan 
patented a method of forming thin fer- 
roelectric films atop semiconductors. 
That technology led to Ramtron’s for- 
mation in 1984. 

Ramtron has 17 key international 
ferroelectronic patents and has teamed 
with other firms for technology devel- 
opment and production: Alcan Alumi- 
num Corp. for advanced ceramics; Ja- 
pan's Seiko Epson Corp. and NMB 
Semiconductor Co.; and U.S.-head- 
quartered ITT and TRW. Ramtron's 
new Colorado Springs pilot-production 
plant and research center opens in 
June. Last fall, National Semiconduc- 
tor Corp., a major chip maker, ac- 
quired a small startup firm that also 
makes the nonvolatile memory circuits. 

Ramtron’s ferroelectronics prospects 
seemed dismal initially. “The first 
three years were frustrating," says 
Horton. ^We went through a lot of ma- 
terials research, but didn't make any 
products. We were looking for a ma- 
terial that had the right electrical 
properties for a nonvolatile semi- 
conductor memory" The company 
cooperated with the University of Col- 
orado's Colorado Springs branch, equip- 


MEMORY CRYSTALS 
SHRINK CAPACITORS 


Ferroelectric ceramics such as lead-zirconate- 
titanate have crystals with atoms that change 
position in an electric field. The crystals 
generate a small current as they change, and 
retain this molecular shift after the external 
field is removed. By applying another electric 
field, electronic circuits can "read" which 
State most crystals are in. This ability to 
"write" crystals into one of two permanent 
states and then sense which condition they're 
in makes them suitable for binary number 
Storage in computers: One crystal state 
represents a binary one, the other state is a 


binary zero. The diagram at top right shows 
atoms forming a single unit cell of a 
ferroelectric crystal. The central atom may be 
titanium or zirconium; it is linked to six 
oxygen atoms. Lead atoms are at the corners. 
The electric field shown deflects the central 
atom downward, while a field in the opposite 
direction would move it back up. 

Besides permanently storing data after 


TITANIUM OR 
ZIRCONIUM 


power is removed, ferroelectrics can shrink 
the size and complexity of memory circuits. 
That's because the ceramic is about 1,000 
times better at storing electricity than the 
material used in conventional dynamic ran- 
dom access memories (DRAMs). In widely 
used conventional DRAMs, capacitors used 
in memory circuits are often created by 
etching long deep grooves in the base 
material (left). Then different types and 
layers of glass are deposited in the trenches 
to form capacitors. Charges stored in these 
DRAM capacitors dissipate quickly because 
the dielectric constant of glass is relatively 
poor (four to eight). Voltages supplied to the 
memory circuit must constantly "refresh" the 
charges, which bleed away completely if 
power is removed. Ferroelectric ceramics, by 
contrast, have a dielectric constant of 1,000 
to 10,000. Upcoming memory chips from 
Ramtron will use a tiny sliver of ferroelectric 
material in each one-transistor memory cell 
(below), eliminating large trench capacitors 
and several processing steps.—4J. F. 
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ping a clean room used by graduate 
students and Ramtron for research. 

They used textbook methods for de- 
positing ferroelectric coatings. This 
calls for mounting a semiconductor 
wafer and a quarter-size ceramic disc 
in a small vacuum chamber. Gases 
such as argon, nitrogen, and oxygen 
are piped into the vacuum tank. Then 
a beam of charged ion particles strikes 
the ceramic, sputtering off a thin coat- 
ing onto the wafer. 


croscope at two needles poked 

against a wafer, testing the results 
of one sputtering session. Ап equip- 
ment rack nearby transmits pulses 
that stress the ceramic, reversing the 
polarization. Such tests were disap- 
pointing for 2% years. “Either the 
samples fatigued too fast, didn't hold 
information long enough, or lost data 


Į: one laboratory, I glance into a mi- 


at a certain temperature,” says Dr. 
Fred Gnadinger, Ramtron’s executive 
vice president and chief operating 
officer. Then, one morning the tests 
changed. 

“Suddenly we got excellent films 
—dramatically better films,” Gnading- 
er says. But no one knew why. Detec- 
tive work on the careful logs for 
wafer batches eventually disclosed a 
mistake. A graduate student prepar- 
ing wafers had hooked up all the gas 
lines into the sputtering chamber but 
forgot to open the valve on one. “We 
found by accident that whatever gas 
combination you use, it's important 
not to have that particular one," says 
Gnadinger. 

That breakthrough, coupled with 
other refinements, led to Ramtron's 
first product in 1988: a 256-bit mem- 
ory chip with 10 years or more data 
retention. Work continues, though, to 
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improve ferroelectric films. That's be- 
cause a chip may be suitable for one 
application and not another where it's 
cycled through read-and-write opera- 
tions too fast and wears out. "We're 
out to about ten to the eleventh [100 
billion] cycles now—we still have a 
signal after ten to the eleventh cycles," 
says Gnadinger. Ramtron wants to 
achieve 10 times that endurance—one 
trillion cycles—and more, if possible. 
"There are many applications you turn 
on one million times a second. If you 
want to read a chip often, you must 
have a high number of fatigue cycles," 
Gnadinger says. 

William Miller, product manager for 
National Semiconductor's ferroelectric 
circuits, believes his firm's current 
10-billion-cycle endurance serves 90 
percent of the marketplace. 

“You have to think a little about ap- 
plications," he says. Miller believes an 
exceptional durability of 10!? cycles or 
more should only be necessary at 100- 
megahertz switching rates—a main- 
frame computer frequency—and on- 
ly for certain memory functions, such 
as RAM that constantly monitors a 
keyboard for input signals. *I think 
ten to the twelfth to ten to the thir- 
teenth[1trillion to10 trillion] cycles is 
okay for most personal computers," 
says Miller. 


ories can be built or operated so 

that endurance isn't a problem. 
Ramtron's early products simply pig- 
gyback the ceramic atop ordinary 
SRAMs, which have unlimited read- 
write endurance. When power is re- 
moved, the ceramic above each mem- 
ory cell is polarized, permanently 
capturing a digital one or zero. Similar- 
ly, the ceramic can serve as a capaci- 
tor, as in conventional DRAMs, but 
only be cycled for nonvolatile storage 
when power is lost. 

Besides extending durability, Ram- 
tron is also improving its production 
technique. As we watch researchers 
in white gowns and masks work in 
the university clean room, Gnadinger 
explains: ^We're working with our part- 
ners in their factories. Ramtron is scal- 
ing up for high-volume manufacturing." 

What's ahead? Ramtron's road map 
for its FRAMs calls for 256-kilobit 
memories this year, quickly followed 
by 1-, 4-, and 16-megabit chips in the 
next two years. In addition, it plans 
to produce ferroelectronic microproc- 
essors, special-purpose logic circuits, 
and memories to replace magnetic 
disks. National Semiconductor expects 
a 16-megabit memory chip by 1995, 
with smaller-capacity circuits along 
the way. 

David Bondurant, Ramtron’s direc- 
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tor of business development, thinks 
high-capacity FRAMs will replace bat- 
tery-backed memory chips in many ap- 
plications. “The FRAM technology 
provides a simpler, lower-cost memory 
because it has a one-transistor cell 
rather than the four transistors used 
today and doesn’t require that battery 
to retain data.” 


orton says his firm plans to ex- 

ploit the higher circuit densities 

possible with ferroelectronics, 
merging circuits that now occupy sev- 
eral chips—logic circuits and main 
computer memory, for example—onto 
single chips. “We refer to this as the 
grand unification process,” says Hor- 
ton. Different chip technologies, he 
says, have been spreading production 
lines further apart in function ever 
since integrated circuits appeared in 
the 1960s. Plants tailored for RAM 
chips, for example, rarely make micro- 
processors. 

Miller believes National Semicon- 
ductor’s current products, simple dig- 
ital flip-flop circuits and a four-kilobit 
memory that offer data retention for 
one year or more, should do well. 
"There's a pretty wide range of appli- 
cations,” he says, explaining the flip- 
flop, used with a simple counter chip, 
now replaces a mechanical page me- 
ter in a copying machine. 

Ramtron similarly expects its cur- 
rent 1- to 16-kilobit memories will find 
a wide variety of applications. “We're 
working on an electronic car odome- 
ter application that requires only 256 
bits,” says Horton. FRAM-equipped 
odometers could also store trip mile- 
ages and have various subodometer 
functions. 

As ferroelectric memory capacities 
grow, Gene Amdahl, father of IBM’s 
360 mainframe series and founder of 
Amdahl Corp., thinks they may revo- 
lutionize computer architecture. He 
says nonvolatile semiconductor mem- 
ories could replace the RAM, magnetic 
disks, and tapes used in some com- 
puters, leaving only optical tapes or 
discs for permanent archival storage 
of data. 

“You'd get an increase in data-base 
access time of about one-hundred thou- 
sand times,” says Horton. “Instead of 
waiting many minutes for a spread 
sheet to be updated on a personal com- 
puter, or waiting indefinitely on the 
phone for a plane or hotel reservation 
to be processed, response would be in- 
stantaneous. As soon as you hit that 
last keystroke, it’s executed,” he says. 

Ferroelectronics will serve in space 
and military weapons too. Most mili- 
tary aircraft, Horton explains, now 
store backup computer programs in 
bulky magnetic-core memories. If the 


A FLASHY NEW MEMORY 


Some integrated circuits achieve nonvolatility 
—memory that remains when power is 
removed—with a special transistor in each 
memory cell that traps electrical charges. The 
electric field produced by these charges 
keeps the transistor turned off, representing 
logic zero, or logic one if it's turned on. One 
type of memory chip using this technique, 
the EPROM (see text), is sometimes used 
when stored data rarely needs to be changed. 

The EEPROM also traps charges for non- 
volatility but a string of eight memory 
cells—a byte of data—can be selectively 
erased with electrical signals. The entire chip 
is erased, byte by byte, in less than 10 
milliseconds. Data can be erased and rewrit- 
ten 100,000 times or more. (Simtek Corp. of 
Colorado Springs markets nonvolatile mem- 
ory chips with unlimited read-and-write en- 
durance by combining SRAM with EEPROM.) 
Cell complexity, however, reduces chip den- 
sity for most EEPROMs, which boosts the 
cost for each storage cell. 

Flash EEPROMs can be electrically erased 
all at once instead of byte by byte. The time 
required ranges from about 15 milliseconds 
to 12 seconds, depending on the design. 
These nonvolatile chips can be erased and 
rewritten 100 to 100,000 times. Flash- 
memory cells have a simple structure that 
permits higher packing densities and lower 
costs for each stored data bit. At least two 
firms, for example, produce one-megabit 
chips. One portable-computer firm, Psion. 
Inc. in Watertown, Conn., just introduced a 
compact 4.5-pound model that uses flash 
memory instead of mechanical disk drives 
[Electronics Newsfront,” Feb.]. Psion's solid- 
state disk-drive replacements, which are 
matchbook size, consume less than /; watt 
instead of the three to eight watts used by 
conventional drives. Intel Corp., the chip 
maker, and Microsoft helped develop special 
programs that erase portions of the flash 
memory. This simulates the operations of a 
conventional disk drive—except it's much 
faster.—J. F. 


electromagnetic impulses from a nu- 
clear burst scramble programs on com- 
puter chips, the data can be reloaded 
in two to three minutes from core 
memory. “In a combat situation two 
or three seconds is life or death," says 
Horton. “Ferroelectric material is in- 
herently radiation hard and has the 
nonvolatility of cores." 

Your closest encounter with ferro- 
electronics may be your ears. Bon- 
durant says the chips will store com- 
pressed voice messages in paging 
systems or be built into portable cellu- 
lar phones as tapeless answering ma- 
chines. Some experts project that by 
the year 2000, memory chips will store 
one gigabit—more than one billion 
bits. “We’ll have solid-state audio re- 
corders," Bondurant predicts, “апа the 
media we plug in won't be a compact 
audio disc, it will be a solid-state 
chip." us 
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Computer graphics 
help pilots make 
go/abort takeoff 

decisions: For nor- 

mal takeoffs 

(right), long green 

bars indicate nor- 

mal engine per- 
formance. A short 
red bar warns one 
engine has failed 

(top) —too late for 

aborting. An early 
engine failure (far 

tight) leaves run- 
way space to stop. 


SAFER 
TAKEOFFS 


FOR AIRLINERS 


Pilots still rely on instincts to make split-second takeoff or abort decisions. 
NASA's new computer system helps by monitoring jetliner performance. 


oller if you need the wip- 

ers,” Air Florida pilot 

Larry Wheaton tells his 

copilot as he advances 

the Boeing 737 throttles. 

Scene: Washington 

D.C's National Airport 

during a swirling snow- 

storm on Jan. 13, 1982, at 3:59 p.m. 

Flight 90 has been waiting 49 min- 

utes after a de-icing. As the jetliner 

rolls down a slushy runway, copilot 

Roger Alan Pettit notices curious en- 

gine instrument readings. “That’s not 

right,” he warns as the poorly acceler- 
ating aircraft approaches 80 knots. 

Pettit repeats his warning several 

times. Finally, about 5,200 feet down 
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By JOHN FREE 


the 6,869-foot runway, Flight 90 lifts 
off —15 seconds beyond its normal take- 
off point. The 737 shudders violently 
as it banks northward. In the passen- 
ger cabin, licensed pilot Joseph Stiley 
announces: "We're not going to make 
it. We're going in." 

Astonished witnesses see the blue, 
green, and white jetliner emerge from 
the mist, its tail striking the Potomac 
River 14th Street Bridge. As the air- 
craft hits the ice below, the main fuse- 
lage separates from the tail section and 
sinks immediately. Rescuers pull four 
passengers and one crew member from 
the floating tail section. The death toll: 
78 persons, including four motorists 
from the bridge. 


An accident review by the National 
Transportation Safety Board concludes 
that snow or ice on the wings degraded 
lift on the 737. Also, engine thrust did 
not match the throttle settings because 
ice had blocked engine sensors. "The 
NTSB said we need something in the 
cockpit to give pilots some idea how 
the airplane is accelerating," says Capt. 
Don Cornwall, a member of the Air 
Line Pilots Association. 


LANGLEY RESEARCH CENTER 
Hampton, Va. 

I'm in the pilot’s seat of a NASA- 
Langley cockpit simulator. A main- 
frame computer is ready to approxi- 
mate Flight 90's takeoff roll. There's 


А cockpit simulator at NASA-Langley displays computer graphics that advise a pilot to stop, show- 
ing where aircraft will halt (X), and a liftoff point (triangle) using one engine. 


a clear runway ahead on a video screen 
behind the windshield. From the co- 
pilot's seat, aerospace engineer 
Raghavachari Srivatsan calls the com- 
puter room. As the throttle controls 
advance, a whooshing noise from over- 
head loudspeakers changes pitch like 
jet engines. Gauges and digital read- 
outs flicker on the instrument panel. 
Runway ground markers begin slip- 
ping by on the video screen. 
Srivatsan points to a small com- 
puter graphics display near my feet 
—a bird's-eye view of the takeoff. The 
display is part of NASA's new system 
that monitors takeoff performance. 
Symbols on the screen represent the 
runway, the rolling aircraft, engine 


A USAir jetliner aborted too late last September at New York's la Guardia Airport. Two died. 


thrust with dual green bars, and other 
details. A similar head-up display 
projected on the windshield seems to 
float down the runway ahead of us. 

Suddenly the engine-thrust bars 
change to red. A stop sign appears, 
and a yellow triangle—the calculated 
liftoff point—flashes perilously near 
the end of the runway. "The best op- 
tion here is to abort the takeoff," says 
Srivatsan, throttling back the engines. 
We've barely moved. Yet the monitor- 
ing system has rapidly detected the 
discrepancy between throttle settings 
and engine thrust caused by a pro- 
grammed sensor failure. 

NASA's computer system, which 
helps pilots make go/abort decisions, 


might have prevented tragedies such 
as Air Florida's Flight 90. Surpris- 
ingly, computer hardware and sensors 
for takeoff-performance systems al- 
ready exist on jetliners for in-flight 
navigation. Aircraft companies are 
refining NASA's system or their own 
designs. But it may be some time be- 
fore the systems are ready for com- 
mercial use. Researchers are also stud- 
ying how these systems could speed 
up landings, getting you into termi- 
nals faster. 

Jetliners are decidedly low-tech un- 
til they're airborne. “Commercial avi- 
ators have nothing on the flight deck 
to indicate real takeoff performance," 
says Lee Person, a senior NASA re- 
search pilot and co-inventor of the 
takeoff-monitor system. “АП they have 
is a 'seat-of-the-pants' feeling—ac- 
celeration cues—and whether air 
speed is going pretty much as planned," 
he says. Loads, temperature, wind, 
and other factors influence when air- 
craft reach a decision speed called V1. 
Unless the pilot aborts before reaching 
this speed, federal rules require tak- 
ing off within several seconds. ^We try 
not to put ourselves in a position of 
not being either able to fly or stop," 
says pilot Cornwall. 


Takeoff accidents 


Despite these split-second judg- 
ments, takeoff accidents aren't fre- 
quent. NASA researchers claim take- 
off-related accidents are about 12 
percent of all aircraft accidents. The 
accident rate during takeoffs has re- 
mained constant, about two per mil- 
lion flights, while the rate for other 
plane accidents has decreased, they 
say. 

To help reduce accidents, numerous 
takeoff-monitoring systems have been 
suggested and patented. Srivatsan be- 
gan studying them in mid-1983. He 
proposed a takeoff-performance com- 
puter program for both his University 
of Kansas doctoral degree and a NASA 
project. 

Here at Langley, Srivatsan keys a 
password into a terminal. He de- 
scribes some of the 2,000-odd lines of 
code written in Fortran computer lan- 
guage that scroll down the screen. 
"This section calculates the nominal 
performance of an airplane based on 
loading and atmospheric conditions, 
runway winds, and everything else," 
explains Srivatsan. 

He taps some keys, jumping to an- 
other section. “This subroutine comes 
into play during actual takeoff," he 
says. "This is where the actual per- 
formance of the airplane is compared 
with what nominal performance 
should be.” Using this data, his pro- 
gram calculates the aircraft location 
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NASA sid David Middleton (left) and [жетиш Srivatsan pause during simulated take- 
off runs using their performance-monitoring system at the Langley Research Center 


on the runway, where the decision and 
takeoff points are, and where the pi- 
lot can stop. 

Once this software had been de- 
bugged in 1984, researchers began 
designing computer graphics that 
would present information to pilots. 
“We felt we ought to display enough 
so they could really analyze their per- 
formance if they had to,” says co- 
inventor David Middleton, a NASA 
senior aerospace engineer. The design 
team created a simple color graphics 
display that could appear on a jet- 
liner’s navigation display screen. To 
test the system, more than 1,000 take- 
off runs have been made on ground 


simulators. A takeoff-monitor system 
installed on NASA's 737 research air- 
craft has undergone more than 50 
runs. 

Experienced pilots like the system. 
But 41 military, commercial, and re- 
search pilots also had lots of sugges- 
tions after "flying" Langley's simula- 
tor. "There's a concern that advisories 
such as the red stop sign may not be 
necessary," says pilot Person. Some pi- 
lots thought this graphic seemed too 
much like a command. А few pilots 
wanted the usual navigation data dis- 
played simultaneously, so they'd be fa- 
miliar with it after liftoff. Some pi- 
lots, accustomed to round gauges, 


FRICTION READINGS COULD SMOOTH TAKEOFFS 


The testing of NASA's takeoff-performance 
monitoring system has so far assumed dry run- 
ways (see text). But what if it's been raining 
or snowing? How could you be assured of safe 
travel if pilots rely on the monitor system to 
abort a takeoff? Researchers in a separate fed- 
| eral program now have some of those answers. 
Using FAA-approved friction-testing equip- 
ment, the joint FAA/NASA Runway Friction 
Program collected data on safe friction levels 
using a NASA 737 and an FAA 727. The data 
could be used with the monitor to estimate 
better where aircraft would stop in an aborted 
takeoff on a runway in adverse weather. 
The researchers hope that pilots will receive 
friction data taken by the airport routinely, as 
is done in Europe, says Tom Yager, a NASA 
senior research engineer on the project. But 
that does not now always happen. From Jan- 
uary 1981 to January 1988, more than 400 


airplane incidents occurred on slick runways, 
says the FAA. Yet only 30 to 40 of the 120 
or so major airports in the United States reg- 
ularly test friction levels during poor weather, 
he adds. 

How do the other airports determine whether 
the runway's too pippa ‘They rely on qual- 
itative terms like ‘good,’ ‘fair,’ ‘poor,’ and ‘nil,’ 
which are reported by pilots to air-traffic con- 
trol,” says Yager. 

Even with testing, determining proper fric- 
tion levels isn't cut and dry. “It depends on 
the airplane type, its landing speed, gross 
weight, and the runway geometry,” explains 
Yager. “A 0.3 coefficient of friction might be 
fine for a Concorde landing on a 12,000-foot 
runway. But on 5,000 feet, it's completely 
inadequate.” This information could be in- 
corporated into aircraft flight manuals, adds 
Yager.—Mariette DiChristina 
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especially liked the display. “They 
thought they'd gotten into a video pal- 
ace,” Middleton says. 

Most flyers want a head-up display 
(HUD) too, so they can keep their eyes 
on the runway. Graphics on the HUD 
omit many details from the smaller 
head-down display. Only large air 
speed numbers appear, for example, 
instead of other digital readouts. “You 
can actually read them while fixated 
down the runway,” Middleton explains. 


Slippery runways 


Aircraft makers and other aviation 
officials recently visited here to re- 
view NASA's system, with about half 
of them “flying” the simulator. Man- 
ufacturers are busy developing simi- 
lar systems. But, perhaps for compet- 
itive reasons, they won't discuss their 
work. Industry representatives seem 
concerned about the reliability of such 
systems, especially on slippery run- 
ways. The system predicts where an 
aircraft should stop during an abort. 

Person agrees it's a serious concern. 
“If I tell you to stop and you mash on 
the brakes and put up the spoilers, 
then go scooting off the end of the run- 
way, you're not going to be very happy 
with my predictions," he says. “Our 
algorithm is set up to accept whatever 
friction data you supply," says Middle- 
ton. “If you get better friction data, 
it'll give you a better prediction [see 
box]? 

Pilot Cornwall thinks the systems 
would be valuable even when pilots 
hit the brakes on slippery runways and 
the display shows they couldn't stop 
on the runway. "You can go off the 
side, which may be wet mud, and 
Stop," he says. "That's better than hit- 
ting a wall or a fuel tank." 

Changes to takeoff-performance sys- 
tems may also enable pilots to speed 
aircraft landings. "Since runways are 
crowded with so many airplanes com- 
ing in," says Middleton, *you want to 
get each one off the runway quickly 
so another aircraft can come in." In- 
stead of pilots landing and braking al- 
most to a stop, the NASA researchers 
say high-speed turnoffs after landing 
should be possible. The computer sys- 
tem could show pilots where to make 
a high-speed turn by displaying how 
fast planes are slowing down in rela- 
tion to turnoffs. 

Srivatsan expects the takeoff moni- 
tors will appear in the next genera- 
tion of airplanes. “If it gets approv 
he says, "someone might come up with 
a retrofit for an existing airplane." 
With stiff competition in the airline 
industry, Cornwall thinks the biggest 
problem will be the people who buy 
the airplanes. “The dollar rules this 
thing," he says. 
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Movable walls held by spring- 
loaded supports, snap-on wir- 
ing channels, and clever 
plumbing runs add up to 


By FRANK LUSK 


ROSERSBERG, SWEDEN 
ost households are 
dynamic—they grow 
with marriage and 
family, shrink as the 
kids grow up, and 
perhaps grow again 

when a child comes back temporarily 
or an elderly relative moves in. 

To accommodate the seasons of our 
lives, we often must add rooms to our 
houses, rip out and remodel—or pack 
up and move. The cost is considera- 
ble, in both dollars and disruption. 

Now a Swedish company, Skarne 
Systems Development, has come up 
with a building system that makes it 
easy to reconfigure a house. Allan 
Skarne, an energetic and progressive 
80 year old, gets credit for the ingen- 
ious system, which starts with sturdy 
yet movable interior walls. A proto- 
type eight-unit apartment building, 
which Skarne calls the Dynamic 
House, was recently completed in this 
suburb north of Stockholm. The tech- 
nology also can be used in single- 
family houses and small commercial 
buildings, the company notes. 

“The cost of renovating a building 
can exceed the cost of putting up a 
new one,” declared Stig Hérling, a 
Skarne representative, as he showed 
me around the prototype project. “We 
wanted to design housing that would 
suit all people and economically 
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accommodate whatever needs may 
arise in the future,” Hórling explained. 

All interior walls are non-loadbear- 
ing. The movable wall panels have 
wood frames and mineral-wool insu- 
lation, and are covered with Sheet- 
rock. They are 2.5 meters in height 
(about eight feet), seven centimeters 
(234 inches) thick, and are made in 
four widths: 0.3, 0.6, 0.9, and 1.2 me- 
ters (approximately one, two, three, 
and four feet). Their weights range 
from 25 to 80 kilograms (55 to 176 


pounds). Doors are factory installed. 

The panels are held in place by the 
compressive force of two spring ele- 
ments mating with a notched wooden 
guide strip against the ceiling. Rub- 
ber strips at the top and bottom pre- 
vent any slippage. Plastic tubing 
placed between the notched edges of 
the wall panels seals the joints. Walls 
separating apartments are built in 
much the same way, but are twice as 
thick and nearly soundproof. 

One of the apartments in the Dy- 


namic House had been set aside to 
demonstrate the construction system 
and the movable walls. Though it 
seemed awkward at first, I was able to 
move the wall panels around with lit- 
tle difficulty (as was my wife, who is 
shown in the photos). “With a little 
practice, two men can build or remove 
an apartment’s interior walls in about 
three hours,” said the project’s chief 
engineer, Lennart Adolfsson. “The elec- 
trical service, which is routed through 
channels at the walls’ tops, can be 


that snap over the tops of the walls. The con- 
ductors connect with vertical wiring runs to feed 
the switches and outlets (drawing bottom); the 
photo at bottom shows the finished interior. 
Floor plans show how a family might alter 
ап apartment as its needs change: A young, 
childless couple could choose a large living room, 
dining room, and kitchen (left). Here, the mas- 
ter bedroom opens into а bath with а sauna. 
When a child arrives (center), a bedroom, bath, 
and closet are created, mostly from the living 
тоот. The master bath loses its sauna to make 
space for a hall. After the child leaves home, 
ап elderly parent moves in (right). The child's 
room is enlarged (further reducing the size of 
the living room), and a kitchenette is added. A 
new entry serves that suite, and the former en- 
try is moved. Later in life, an elderly widow 
might remain; if she wanted less space and 
less expense, her apartment could be reduced 
in size and a neighbor's increased (not shown). 
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rerouted without a license," he added. 

Vertical plumbing runs are confined 
to exterior walls, and horizontal pipes 
are laid in the hollow cores of the cast- 
concrete floor slabs. For access to the 
plumbing, a hole must be cut in the 
floor (not a job for the uninitiated, but 
the apartment superintendent can do 
it). When a hookup is no longer 
needed, it can be capped. Only cold 
water is delivered to the apartments; 
point-of-use water heaters provide the 
hot water. The bathrooms are modu- 


lar, and all the fixtures hang on the 
walls, which means that even a bath 
can be added or moved with relative 
ease. (The suspended bath fixtures 
also offer silent testimony to the 
strength of the mobile wall panels.) 
Satisfied with the prototype apart- 
ment, Skarne Systems Development 
is moving ahead with plans to build 
a 27-unit complex not far from this 
one. Additional projects are planned 
for Norway, France, and possibly the 
United States. us 
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y breath steams 
the truck window 
a few inches from 
my nose, and I 
rub the spot to 
let in the grayish 
morning light 
that glistens off 
puddles of ice cracked by pacing feet. 
Outside, men slap their arms around 
their sides to beat away the cold. 

"They're waiting to use the tele- 
phones,” says John Freetly, seated next 
to me in the semi. "Until they get 
their next assignment, this New Jer- 
sey truck stop is their home." 

Freetly and I are warm and com- 
fortable in the Burlington Motor Car- 
riers cab that he calls home. Why? The 
reason is the little keyboard on the 
seat between us. 

“NEED LOAD ASSIGNMENT,” I 
type, and push a button. Instantly, the 
message is off to Burlington's Texas 
headquarters. 

Freetly and I are using a new sys- 
tem that lets truckers and others com- 
municate long distance with the help 
of some high-flying friends: satellites. 
And you may soon be able to buy 
satellite-communications devices to 
send personal messages—maybe even 
by voice and fax. 

Satellites have long been used for 
TV broadcasts and more recently for 
corporate communications via very 
small aperture terminals (for fixed 
point-to-point communications like 
long-distance telephone calls). The 
new systems marry this technology 
—using some satellites launched in 
anticipation of the now-faded satel- 
lite-TV craze—with another one, Lo- 
ran C, the government's navigation 
system used by boats and planes. Po- 
sition determined by Loran, which 
stands for long-range navigation, is 
sent via the satellite. While Freetly 
and I send our message, the home base 
already knows where our truck is. 


ile long-haul truckers are the 

first big customers of such sys- 

tems, others are close behind. 

To improve scheduling, Amtrak is 
testing a system for its trains in 
mountainous areas, where other com- 
munication is difficult. Radar also has 
problems near mountains, so the U.S. 
Coast Guard plans to test the systems 
for tracking and communicating with 
oil tankers in Alaska's Prince William 
Sound to prevent future Exxon Val- 
dez-like disasters. And the Interior 
Department's Bureau of Land Man- 
agement is evaluating a system for 
providing aircraft position. To predict 
gate arrivals better, some airlines have 
also expressed interest in tracking air- 
craft on the ground, rather than rely- 
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HELLO 
SATELLITE, 


GETME 
CENTRAL 


Satellites can help trucking 
companies get products to you faster and 
train and plane arrivals scheduled 
more accurately. Coming: portables 
you can use to send messages 
or pinpoint your location if 
you're lost. 


By MARIETTE DiCHRISTINA 


ing on air-traffic-control information. 

Besides sending messages and po- 
sition, the systems can transmit other 
data—such as the temperature of re- 
frigerated cars, axle revolutions, or 
electronic-engine performance. In fact, 
the Department of Defense and the 
Department of Energy have considered 
the technology for monitoring sensi- 
tive cargo. 

Two companies now run satellite 
hubs for US. mobile users: Geostar, 
in Washington, D.C. [“Geostar,” Feb. 
*84], and Qualcomm Inc., in San Diego, 
Calif. The American Mobile Satellite 
Corp.(AMSC), also in Washington, 
D.C., plans to offer service by this fall. 

Qualcomm makes its own mobile 
equipment, but Geostar has several 
vendors, including: Hughes-Kenwood 


in Germantown, Md. (maker of Burl- 
ington's system), and Sony in Park 
Ridge, N.J. Motorola, in Schaumburg, 
Ill., is developing equipment for a US. 
Customs contract. 

The satellite-communications sys- 
tems all work similarly (see caption 
on the following page). Geostationary 
satellites, which orbit so that they al- 
ways remain in the same place rela- 
tive to Earth, provide links for the sys- 
tems. Signals are transmitted in the 
gigahertz range, but each company 
uses different frequencies. Qualcomm 
uses Ku-band to send information in 
either direction. Geostar uses an L- 
band relay for sending information in 
one direction, and a C-band relay for 
messages going the other way. AMSC 
will also use L-band. 


aking all that work on the road 
called for changes in conven- 
tional satellite-communications 


technology. For example, while the 
home office can use a huge satellite 
dish, mobile users could hardly put 
one on top of a truck. The cure? Use 
a small antenna, but increase the 
transmitter power and lower the rate 
at which data are sent 

“You can spend what you get out of 
the satellite any way you want," says 
J. Eryx Malcolm of Hughes. “If you 
pick one thing, such as having a small 
antenna, you have to make it up some- 
where else.” 

Hughes and Sony chose to use an- 
tennas that are omnidirectional. That 
means they can receive and transmit 
in every direction at once. But they 


have less gain, or ampli- 
fication, than a focused 
antenna, and so make 
up the difference with 
a bit more power. 

Qualcomm tellite 
"budget" is arranged 
slightly differently. It 
uses a directional an- 
tenna that tracks the 
satellite as the vehicle 
moves. "The antenna 
‘listens’ to the signal of the satellite 
and moves back and forth until it finds 
a peak," 
Qualcomm. “So the vehicle receives a 
stronger signal.” 

Speaking to satellites from Geostar 
and Qualcomm mobile units is done 
using a method of radio-signal trans- 


says Franklin Antonio of 


A small Hughes-Kenwood keyboard rides with 
this Burlington Motor Carriers driver in his cab to 
send and display messages. On the other end, 
the dispatcher receives the information and can 
see the truck's progress on a software map on a 
terminal or personal-computer screen and check 
the cargo status or other data. 
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mission called spread spectrum (see 
“World Without Wires," this issue). 
Spread-spectrum signals are sent over 
a wide frequency band, cutting inter- 
ference from (and to) other radio sig- 
nals. Using spread spectrum also adds 
security because only those with a 
specific receiver can pick up the coded 
messages, says Bob Mesnik, Sony soft- 
ware-systems manager. "The signals 
are also only there for thirty or forty 
milliseconds, so you can't tune in," he 
adds. AMSC will transmit via fre- 
quency division multiple access, which 
assigns a random frequency each time 
you place a call. This method will use 
available satellite space more effi- 
ciently, it claims. 


nd the cost? The Geostar and 
Qualcomm units for trucks cost 
around $4,000, plus a monthly 

fee. AMSC plans a competitive price. 
Loran C, which uses radio waves 
transmitted by a pair of ground sta- 
tions to calculate position, is accurate 
from about one-tenth of a mile to a 
mile, depending on geographic loca- 
tion. But the navigation system might 
soon be dropped. Instead, position cal- 
culations could be made with at least 
two dedicated satellites by triangula- 
tion. Triangulation uses precise meas- 
urements of distance and time to ar- 
rive at the location of a moving unit. 
In fact, Qualcomm relies on the meth- 
od for its European users because Eu- 
rope doesn't have the Loran network. 
*We plan to launch two dedicated 
satellites in 1992," says Joanne De- 
Vincent of Geostar. "They will allow 
us to eliminate Loran and use trian- 
gulation. The receivers could then be- 


GEOSTATJONARY SATELLITE 


D 
MOBILE UNIT,” 


screen in the truck cab. Ci 


come much smaller and lighter than 
they are now. For example, if you were 
out on a story, you could type it on a 
keyboard and send it to your home 
office. And they could send messages 
to you,” she says. “Prototypes we have 
developed are about the size of a large 
calculator and could fit in a briefcase, 
handbag, or back pocket.” 

Geostar also plans to incorporate 
computer-synthesized speech messages 
in its present systems, using a voice 
chip developed by Berkeley Speech 
Technologies of Berkeley, Calif. But 
the AMSC wants to go that one bet- 


ter: The company claims that mid- 
1990s launches of dedicated satellites 
will enable voice and higher data rates 
for fax transmission—perhaps from 
your car. Hughes, a subsidiary of Gen- 
eral Motors, is looking into a mapping/ 
messaging system for cars, says Chris- 
topher Davis of Hughes. 

But for now, we'll mostly see these 
devices helping truckers achieve great- 
er efficiency. However, driver Freetly 
insists that’s no minor thing: “You 
don't think about it, but almost every- 
thing you eat, drive, or use has been 
on a truck at one time or another.” Isl 


ANOTHER MESSAGE LINK: COSMIC DUST 


If you like the idea of long-distance mobile 
satellite communications and positioning, but 
the $4,000-per-unit-cost seems too high, what 
can you do? Easy: Use meteors. 

Trucking companies and others are trans- 
mitting information by bouncing VHF radio 
waves off sand-sized bits of meteors as they 
burn up in the atmosphere 50 to 70 miles 
above Earth. 

Transtrack, Inc., of Marion, Mass., and 
Pegasus Message Corp. of Herndon, Va., 
which use meteor-burst technology for mobile 
communications, cite its advantages: Because 
expensive satellite technology isn't required, 
meteor burst costs about $2,000 per unit, 
about half the price of Qualcomm or Geostar 
systems (see text); and, unlike satellites, me- 
teor trails are not susceptible to breakdowns 
or destruction by weapons. 

Although the technology is now finding mo- 
bile-communications uses, meteors have been 
a vehicle for transmitting information from re- 
mote sites since the 1950s. In the 1970s, 
the Department of Agriculture began tracking 
water resources with meteor burst. 

How is it done? When small meteors enter 
Earth's upper atmosphere, they vaporize. 
forming an ion trail. Ground-based transi 
ting towers continuously “poll” the sky with 


SATELLITE DISH 


The illustration shows how a message travels to and from a portable unit, in this case in a 
truck: The dispatcher sends a message, perhaps via modem, to a network-management 

center. There, the digital information is processed for radio transmission and gets an “address” code for 
the intended truck(s). A satellite dish beams the information to a transponder on a i 
22,300 miles above Earth, which then rebroadcasts the signal. A transponder can handle hundreds of thousands of 
messages an hout The signal is received by a compact satellite antenna on top of the truck(s) with the correct address. A 
receiver/transmitter, perhaps hidden in the truck's tool kit, өөнү Ресина anle nns urne 
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government-run navigation system, but might soon be done via satellite as well. Return 
essentially the same route, but pass through a different satellite transponder 
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а coded signal. If the signal encounters a trail 
in the right direction, a flurry of compressed 
information is exchanged—including mes- 
sages and position, derived by the government 
navigation system Loran C. 

“You have to fire it off quickly because the 
trail disintegrates and you lose your commu- 
nications link," explains Jody Silipo, market- 
ing director for Transtrack. The average trail 
life? One hundred milliseconds. When the VHF 
radio signals, which are from 40 to 100 meg- 
ahertz, are reflected this way, they can travel 
up to 1,200 miles. 

Longer messages now can be linked to- 
gether over several meteor bursts, but that 
may someday not be necessary. Broadcom in 
Mahwah, N.J., recently patented an antenna 
that automatically narrows the probe's width, 
making it possible to send more information. 

Of course, the resulting communication isn't 
instant. Waiting for a suitable meteor trail may 
take from seconds to more than 10 minutes. 
But Silipo doesn't view this as a drawback. 

“It’s still faster than waiting for truckers to 
call in," she says. "And in the future, | could 
send a message to my husband in his car: 
“Bring home bread. Pick up the kids at school.’ 
It's not somel where we need instant 
communications. D. 


TRUCKING COMPANY 


а HEADQUARTERS 


computer 
satellite. 


possible. The truck's location is 
through Loran C, the land-based 
messages keyed in by the driver take 


"ADVERTISEMENT" 


EXCITING NEW LAB TESTS CONFIRM SLICK 50'S BENEFITS! 


Save Gas, Save Engine with 'POLY' 


WHAT IS POLY? "Poly" is short for 
polytetrafluoroethylene (TFE). It is the slip- 
periest substance known to man. The 1989 
Guinness Book of World Records (pg. 184) 
says: "The lowest coefficient of static and 
dynamic friction of any solid is 0.02, in the 
case of Polytetrafluoroethylene - equivalent 
to wet ice on ice. It was first manufactured in 
quantity by Е.І. duPont іп 1943, and is mar- 
keted as Teflon.” 

А one quart treatment of Slick 50 will bond 
slippery "poly" to your engine for a minimum of 
50,000 miles. Unlike some temporary prod- 
ucts on the market, there is no need to add 
Slick 50 every time you change your oil. By re- 
ducing engine friction, Slick 50 increases gas 
mileage and horsepower and it reduces en- 
gine wear, defraying costly overhauls. 


Slick 50's credentials are impressive 


"Slick 50 does reduce engine heat and 
ordinary wear, and our informal tests indi- 
cate that it will improve gas mileage by 
about two or three miles per gallon...Slick 
50 does exactly what PetroLon claims it 
does." Consumers Digest, (March/April 1982, p.35) 

In 1989, the premiere engine and lubri- 
cant testing lab in the U.S. tested Slick 50. 
This EPA recognized lab conducted a strictly 
controlled experiment using industry stan- 
dard ASTM procedures. Results showed that 
Slick 50, compared to a standard reference 
oil, reduces engine wear by more than 50%. 
Be cautious of those Poly treatments that 
cannot back up their claims with such solid 
evidence. 

Ina fuel usage test conducted by this same 
prestigious lab, results showed that Slick 50 
(compared to a standard reference oil at 150) 
reduced fuel consumption in the test engine 
by 7.09% at an oil temperature of 225 and 
7.85% at 275 . Once warmed up, most cars 
operate within the range of 225 to 275. 

Especially interesting is the fact that fuel 
usage with just the reference oil increased 
(see graph) as the oil got hotter than 225 . This 
is due to the well known fact that oil gets 
thinner at higher temperatures causing in- 
creased friction (and wear) in your engine. 
However with Slick 50, fuel usage actually 
decreased showing that Slick 50 produces 
it's greatest friction reducing benefits at 
higher temperatures which is exactly when 
your engine needs it the most. 

As with any lab test, these results may not 
translate exactly the same percentagewise 
for every engine under every type of driving 
condition in the "real world". However the 
conclusion for these test cases is clearly that 
Slick 50 does reduce engine wear and does 
increase gas mileage. 
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The Federal Aviation Administration has 
fully accepted a similar product - Slick 50 
Aircraft Treatment (F.A.R. $33.49). 

A test done at the San Diego State Uni- 
versity revealed that, "Slick 50 does increase 
horsepower and decreases fuel consumption 
in tests done at the university". TUV, a pres- 
tigious German testing laboratory, tested 
Slick 50 and found substantial increases in 
both gas mileage and horsepower. The Space 
Shuttle Columbia uses the chemical "Poly" 
inits gears and bearings because itis the only 
chemical lubricant which can withstand the 
heat and corrosive elements of space. 

The Cranfield Institute, known world- 
wide for it's work in tribology (the study of 
friction) concluded a five year study on Slick 
50 in 1989. Results showed that Slick 50 
does indeed coat metal surfaces, dramati- 
cally reducing friction and extending the 
life of the metal. 

Perhaps the most dramatic ofall is a tor- 
ture test seen by thousands of viewers on 
NBC TV station KPRC. A Lincoln Town Car 
was treated with Slick 50. During the broad- 
cast, the oil was drained and the car was 
driven without the oil plug for about half an 
hour. The water temperature never rose and 
the engine sustained no apparent damage. 

How do you give an engine a "Poly" 
treatment? Very simply! Change oil and filter 
and substitute one quart of Slick 50 for the last 
quart of oil. (Add two quarts for engines with 
oil capacities of seven quarts or more.) Slick 
50 is excellent for all gas and diesel engines 
(even turbocharged and rotary engines). 

Slick 50 will work with all petroleum 
based oils and synthetics compatible with 
petroleum based oils. 

Whatare the benefits of Slick 50? By re- 


ducing friction, Slick 50 does all of the follow- 
ing: Slick 50 increases gas mileage. Slick 50 
increases horsepower - small economy cars 
and large RV's really need this! Slick 50 makes 
for easier starting (important in cold weather.) 
Slick 50 reduces operating temperatures, 
thus increasing the lubrication of your oil and 
thelife of your engine. Since lubricating lead is 
being removed from gas, and unleaded gas is 
poor in lubricating qualities, this extra lubri- 
cation of Slick 50 on valve stems and guides 
is a real bonus. 

Last, but not least, the drastic reduction 
in engine wear can delay costly overhauls. 
These can often cost well over $1,000. Slick 
50 eliminates the "lubrication starvation" that 
all cars experience when you first start them, 
before the oil has a chance to circulate. Up to 
90% of engine wear can be caused by this 
starvation. You receive all these benefits for 
less than the cost of two tanks of gas ($39.95). 

Will Slick 50 harm my engine or affect 
my warranty? No! The carrier oil for Slick 50 
meets, or exceeds, every manufacturer's 
engine warranty requirements and carries an 
API service classification SG-CD. 

More Slick 50 products are available. 
A FREE catalog sent on request. 


DOUBLE GUARANTEE! 
Guaranteed lowest price and guaran- 
teed satisfaction. If at the time of pur- 
mw chase you have seen Slick 50 adver- 
tised in a current magazine at a lower 
price, we will beat that price by $2.00 a 
quart. If you are not satisfied with our V 
Slick 50, within 4 months, send us a (f 
note and proof of purchase for a full V) 
refund of purchase price. This makes 
trying Slick 50 RISK FREE to you. 


DEALERSHIPS AVAILABLE 


Free DURALT FC sent with each order. 
Free shipping with orders of 2 or more. 


Call toll free 1-800 227-5425. Or send to 
kkkt № 


ЕСН 


VOVATIONS & TECHNOLOGY 
'RFORMANCE MOTORING 


407 Del Rio Road, Berthoud, CO 80513. 


О Lenclose $39.95 + $4 shipping for one qt 
О Send me als. of Slick 50 @ $39.95 ea. 
FREE shipping (2 or тоге). 
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Teflon is a reg. trademark of Dupont 
Slick 50 is a reg. trademark of Petrolon. 


heard a ripping sound as Alan B. 
Shalleck tore a large light switch В : s ; и 
off the wall. “This is & standard A light switch you stick on the wall, a wireless com 

switch that we've hollowed out and puter network, and a rock star's keyboard are among 


ttached to ircuit board,” hi ‘ : З 
БОШ ms: Holding the Ботен the new products that can communicate without wires, 


palm, he flipped the switch to the using a military radio technology that’s recently be- 
“on” position, and a lamp across the е У 
room lit ир. come available to the public. 


“Would you like to try it?" Shal- 
leck, the president of Hillier Tech- 
nologies, asked. I took the switch 


and turned it over to examine the 
torn wires, but saw only a strip of Vel- 
cro fastener. I walked down the hall 
and turned a corner. With two walls 


between me and the lamp, I pressed 
the switch. “ОВ” Shalleck reported. 

The wireless light switch I saw uses 
spread-spectrum radio technology. 
This method was originally developed | 


for military communications and is 
resistant to interception and interfer- 
ence. In 1985, the FCC allowed compa- 
nies to begin commercializing the tech- 
nology. Only a few spread-spectrum 


products have since appeared, but doz- 
ens are currently being developed. 
Some products, such as Hillier's light By DAWN STOVER 
Switch, will be wireless for the first 
time. Others will be improved versions 
of products that are already wireless 
(garage door openers, stereo speakers, 
and cordless phones, to name a few). 

Obviously, spread-spectrum radio 
doesn't make wires totally obsolete. A 
lamp controlled by a wireless switch 
still must be plugged into a wall out- 
let. "Nobody has come up with a way 
of sending high power through the i 
air,” Shalleck says. But spread-spec- 
trum technology eliminates much of 
the cost and inconvenience of install- и 
ing wires. And for some portable prod- 
ucts, it's indispensable. 

А conventional radio sends signals 
on a specific frequency, using high 
power. A spread-spectrum radio does 
just the opposite: It spreads low-power 
signals across a range of frequencies. 

There are several ways to spread a 
signal. Frequency hopping, the oldest 
method, works by making the radio 
signal jump from channel to channel 
at high speed. A pseudorandom dig- 
ital code determines the sequence of 
channels, and both the sender and re- 
ceiver know the code. The transmis- 
sion resembles a piano tune, played 
by moving the fingers from key to key, 
explains Dr. David Goodman, chair- 
man of the electrical and computer en- 
gineering department at Rutgers Uni- 
versity and director of the Wireless 
Information Network lab. “If two peo- 
ple with pianos are trying to commu- 
nicate with you, you can tune one out 
while you listen to the other," Good- 
man says. “But eventually you'll have 
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a problem— when too many people are 
playing too many tunes at once.” 

Most of the new products instead 
use a second method, called direct se- 
quence (see box), in which the pseudo- 
random code is combined with the 
transmitted message. 


ecause they occupy many frequen- 
B: spread-spectrum signals are 

difficult to jam. It’s also difficult 
for an eavesdropper to pick out the sig- 
nals from their cloak of seemingly ran- 
dom radio noise. That’s why the mili- 
tary has favored the technology. The 
FCC likes it because the spreading 
characteristic means many users can 
operate in the same band of frequen- 
cies without interference. And because 
the signal has high noise immunity, 
it can travel a long way and still be 
intelligible. The astronauts used a 
spread-spectrum radio system (it op- 
erated at high power) to send mes- 
sages from the Moon. 

An early spread-spectrum system 
was developed at Bell Laboratories 
during World War II. President Roos- 
evelt used it to communicate with 
Churchill. The technology was per- 
fected during the Cold War by the 
Massachusetts Institute of Technology, 
Lincoln Laboratory, and Magnavox. In- 
formation about the technology was 
declassified by the mid-1970s, but pri- 
vate industry didn't express much in- 
terest in it, says Michael J. Marcus of 
the FCC's Field Operations Bureau. 
Marcus is regarded by some as the fa- 
ther of spread spectrum because he 
supervised the writing of the 1985 
FCC rules that made three radio bands 
available for spread-spectrum applica- 
tions: 902 to 928, 2,400 to 2,483.5, and 
5,725 to 5,850 megahertz. The first 
band is the one used by most of the 
new products. Because of its proxim- 
ity to the band used by cellular tel- 
ephones, components are rel- 
atively inexpensive. 
The most significant 
aspect of the FCC 
guidelines is 
that 


sumers who buy spread-spectrum de- 
vices don't need licenses to operate 
them (unlike most radio products). 
However, companies must have FCC 
certification to manufacture them; 
seven products had been certified by 
mid-January of this year. The FCC 
rules also stipulate that spread-spec- 
trum devices must use low power—one 
watt or less. 


ogies' parent company, is one of the 

country's largest architectural 
firms. Its employees specify more than 
$250 million worth of electrical con- 
tracting every year. Hillier's architects 
hope a wireless light switch will help 
them reduce electrical costs. 

The switch— which contains a chip 
with the spreading code, a radio chip, 
a battery, and an antenna—and its 
companion receiver in the ceiling fix- 
ture will be available later this year, 
Shalleck promises. They'll cost about 
$110. An ordinary switch costs about 
$75 to $85 installed. But the wireless 
Switch eliminates the need for com- 
plicated lighting plans and dramati- 
cally reduces the cost of future reno- 
vation. And because the switch is 
portable, tax rules allow it to be quick- 
ly depreciated, Shalleck points out. 

Hillier Technologies also plans to 
cut costs with a wireless link for com- 
puters. A 1985 Motorola study esti- 
mated that companies would spend 
$5.6 billion between 1986 and 1990 
to relocate computer equipment con- 
nected by local area networks. Hilli- 
er's Airlink 1 will let users send data 
to as many as nine destinations: a 
printer or another computer, for ex- 
ample. You can install an Airlink unit 
in about five minutes, at about $250 
per node, according to the company. 
At press time, Hillier Technologies 
was awaiting FCC certification for 
Airlink and the wireless switch. 

O'Neill Communications, Inc. (OCD, 
located in the same town as Hillier 
Technologies— Princeton, N.J.—began 
selling a wireless link for computers 
last October. The Local Area Wireless 
Network has a range of about 100 feet, 


Т: НіШег Group, НіШег Technol- 


MITCHELL J, ALBALA 
The most common way of spreading messages 
across a spectrum of frequencies is known 
as the direct sequence method: The trans- 
mitter sends out what appears to be a ran- 
dom signal. But the “pseudorandom” signal 
is actually a high-speed digital code called a 
chip sequence (blue). Both the transmitter 
and the receiver have copies of the code. The 
information to be sent (red) is combined with 
the pseudorandom data via an exclusive-or gate 
(a device that combines two digital inputs ac- 
cording to this rule: The output equals one if 
the two inputs are different; the output 
equals zero otherwise). The combined se- 
quence (violet) that is sent over the air- 
waves is unintelligible to anyone other than 
the receiver, who uses another exclusive-or 
gate to subtract out the chip sequence and 
retrieve the hidden message. Superimpos- 
ing the message on a coded sequence has 
the overall effect of spreading the informa- 
tion over a wider bandwidth of frequencies. 
—D. S. 


which can be doubled with a repeater. 
А $495 device the size of a modem at- 
taches to the serial port of a user's 
computer and transmits data at a 
9,600-baud rate. Paul K. Kavanaugh, 
vice president of OCI, showed me how 
to transfer a file to another computer, 
send electronic mail, and print a docu- 
ment—without any connecting cables. 
The four-channel system is easy to use. 
Agilis Corp. and Telesystems are 
also selling data transmission devices. 
Agilis recently received a license to 
make mobile work stations with 

spread-spectrum radios. 
Within a few years, commodities 
[Continued on page 113] 
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IF YOU'RE NOT RECYCLING 
YOU'RE THROWING IT ALL AWAY. 


A little reminder from the Environmental Defense Fund Environmental Defense Fund at: EDF-Recycling, 257 Park 
that if you're not recycling, you're throwing away alot more ^ Avenue South, New York, NY 10010, for a free brochure that 


than just your trash. will tell you virtually everything 
You and your community can recycle. Please write the you need to know about recycling. ESF A d 


© 1988 EDF 
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Innovative Perma-Edge counter-top molding 
makes it easy to achieve the look of a custom 
edge. Squared, beveled, and rounded edges are 
prefabricated and machined to mate precisely 
with а laminated surface (photo at left). Once 
the substrate edge is squared, you just cut a 
dado (above), tap in the molding with a rubber 
mallet, and gently file the corners. 


ELEGANT EDGING 


Anew molding system makes getting a handsome custom-finished edge on 
your laminate counter top about as simple as routing a dado. Just a few 
special tools—and a little instruction—are all you need to install it yourself. 


he hallmark of a top-notch 
counter top is its edge treat- 
ment. Chamfered, rounded, 
or ogee wood edges; beveled 
edges made from coordinat- 
ing or contrasting laminates; 
wood-and-laminate edges. These have 
always been telltale signs of an ex- 
pensive, custom-made, professionally 
installed, laminate counter top. 

Until now. 

Ralph Wilson Plastics Co. has devel- 
oped the new Wilsonart Snap-on Per- 
ma-Edge system. Essentially, the sys- 
tem entails prefabricated edges—in 18 
styles and a variety of colors and tex- 
tures—that give you what looks like 
a custom-edge treatment without the 
high cost. And while Perma-Edge is 
intended to be professionally installed, 
if you own a router and disc sander, 
you can install one yourself with no 
clamping or fabrication. 

Normally, installing a custom edge 
on a laminate counter top requires 
considerable fabrication skill, plus 
time and money. With Perma-Edge the 
process is simplified: Wood or lamin- 
ate-covered edges are made with a 
tongue that fits into a 14-inch dado. 


By TIMOTHY O. BAKKE 


The dado is cut into the edge of a 
counter top, М inch below the surface. 
Professional cabinetmakers would use 
special tools to install Perma-Edge on 
a volume basis. But in the hands of 
an accomplished woodworker, any rout- 
er and disc sander using the right jigs 
will work nearly as well. 

"The key element in Perma-Edge's 
ease of use is the tongue-and-groove 
design," says Ed Mander, Wilsonart 
field service representative. Mander 
and I are at a distribution center in 
Astoria, N.Y., where he is demonstrat- 
ing the system for me. He picks up a 
section of edging. “It’s hard to see, but 
above the tongue there's a glue expan- 
sion channel, which allows for the 
tight fit when the molding tongue is 
tapped into the dado.” 

The Perma-Edge equipment is set 
up with custom jigs that make accu- 
rate cutting and fitting almost fool- 
proof. Installing Perma-Edge requires 
four steps after the counter top is lam- 
inated: First you square up the top’s 
edge, then cut the dado. Next you 
miter-cut the molding for the corners. 
Finally you tap it into place. 

Squaring and dadoing are done with 


a router, as Mander demonstrates. The 
Perma-Edge squaring tool gives you 
a perfect 90-degree edge. A home- 
owner would need a straight-cut car- 
bide router bit with a right-angle fence. 

The next step is to cut the %-inch 
dado. A carbide-tipped '4-inch three- 
wing cutter is mandatory for the job. 
А special extra-wide baseplate was de- 
signed for the Perma-Edge router, mak- 
ing it easy to achieve the precision 
needed for a slick job. With extra care, 
however, you can cut the dado satis- 
factorily using a standard base. 

Cutting and fitting the ends of the 
Perma-Edge molding is accomplished 
with a disc sander and miter guide. 
"You've got to be careful when cutting 
miters," says Mander, “because most 
sanders have steel backer plates, which 
retain heat and may scorch the lami- 
nate. Our sander's aluminum backer 
dissipates that heat." 

After you dry-fit all the pieces, you 
apply white polyvinyl acetate glue, 
which dries clear, to the top inside cor- 
ner of the molding and the bottom in- 
side corner of the tongue, then tap the 
edges into place. 


Voilà! Custom counter top. us 
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illiam Hullsiek, a software en- 
gineer, was on assignment away 
from his Birchwood, Minn., home 
when his wife called telling him 
he had won first prize in the 
PoputarScience-California Red- 
wood Association deck contest 
“I just screamed,” the 33-year- 
old Hullsiek reports, “but no one was there to hear me." 

The contest, announced a year ago, listed three require- 
ments: The deck had to be built in the last year; visible 
surfaces had to be primarily of redwood; and it had to 
solve at least one problem. The judges (three from CRA 
and three from PoPULAR Science) eliminated entries when 
it was not apparent what problem the new deck solved 

Hullsiek's deck solves a common problem: Where to store 
yard tools and supplies. And his solution also solved an- 
other problem: What to do with the space under an ele- 
vated deck. Hullsiek enclosed the area and created a weath- 
erproof mini-garage there. Hullsiek designed his deck on 
a Macintosh computer. It is cantilevered on two sides, which 
lends elegance to the design. And it fits the house perfectly 

Three hexagonal platforms transformed a steep and 
rocky slope to needed outdoor living space for clients of 
second-place winner Bryan Brylka of BFB & Associates 
in San Anselmo, Calif. For this deck, Brylka invented a 
modular construction system he calls Hexadek. Six-foot 
hexagonal sections were constructed in the shop then in- 
stalled on site. That saved time at the site and saved money 
for the client, says Brylka. 

Gary McCook of Brown Thumb Landscape in Carlsbad, 

Calif., won a second prize with an intelligent solution to 

a rule set by a local homeowners' association: No deck 

could be more than three feet off the ground. That was 

tricky, since the deck was to be built on a steep slope 

McCook excavated a niche into the hillside, built a retain- 

ing wall, and butted the deck against 

it. Like Brylka’s northern-California From 148 entries in the 
deck, this one made a too-steep yard A "a : 
usable; PopuLarRScience-California 

David R. Kirk, a remodeler in San Redwood Association deck 
Antonio, Texas, got a deck commis- 5 
sion from a wheelchair-bound client, contest, we picked these 
and it earned him a third prize. The 
client wanted a deck around her swim- 
ming pool that would provide an easy- 
wheeling route between the pool and 
her back door. An existing ramp was 
steep and made a sharp turn. Kirk's 
new ramp has a series of 45-degree 
turns in place of the sharp turn, and 
it has a gentle slope: *-inch rise per 
foot of run. Kirk accented the deck 
with a gazebo. 

William Wallick's problem was space. 
His solution, an octagonal-shaped 
deck, earned him a third prize. A heat 
pump resided on one side of his home's 
sliding doors while a TV antenna and 
dryer vent were on the other. Between 
was only 11 feet of space. The elon- 
gated-octagon shape allowed him to 
build a deck that fit that space at the 
house, but broadened to 22 feet at its 
widest point to maximize deck size. 

Wallick is a copper refinisher and 
antiques dealer in Bolivar, Ohio. By V. ELAINE GILMORE 
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The $1,000 first prize was awarded for this cantilevered 
286-square-foot deck, designed, built, and owned by William 
Hullsiek of Birchwood, Minn. Beneath the deck is a lawn-gear 
garage that solved a storage problem while concealing what 
otherwise would be the ugly underpinnings of an elevated 
deck. The trick was to keep the garage dry. Hullsiek built a 
sloped subfloor (for water runoff) beneath the redwood deck- 
ing, and waterproofed it with roofing membrane. 


n 


The winning deck was designed on 


a Macintosh computer, outfitted with 
McDraw, a graphics program. 
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А $500 second prize was awarded for this 
modular deck, built primarily in the shop, that 
converted an unusable cliff to outdoor living 
space. The modules even include a snap-together 
electrical system. The hexagon motif is carried 
over to all the detailing, and the deck’s finish is 
exceptional. The designer-builder: Bryan Brylka. 


This second-prize-winning deck tamed a steep slope. Here, local rules 
limited how high decks could be above the ground. The solution: niche 
the back of the deck into the hill. The problem solver: Gary McCook. 
White-painted rails tie the deck visually to the house. 


This third-prize deck is a pool surround that includes a gentle 
ramp engineered for a wheelchair-bound client. Designer-builder 
David R. Kirk used a video camera to tape the client as she 
maneuvered her wheelchair, and based his design on her mobility. 


A $300 third prize went to this deck, an elon- 
gated octagon that maximizes square footage 
while snugging between two groups of utilities 
where it joins the house. Designer-builder-owner 
William Wallick also solved a privacy problem. 
He built the rail with 2 x 6 uprights, which you 
can see through while sitting on the deck, but 
appear like a solid wall from a distance. 
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NRI gives you two unbeatable 
opportunities for top pay, security, 
even a business of your own. 


Everybody wants to get ahead, but most 
people want assurance they're ишүне 
right job choice. According to the U.S. 
Department of Labor, jobs for electricians 
andair conditioning, heating and refrigera- 
tion technicians offer high earnings and 
good job prospects. Now NRI can show you 
howto до айег the high earnings, the steady 
реу increases, even how to be your own 
in a business of your own. You'll get 
all the skills to get there. No night school, 
noneed to quit your job until you're ready 
tomake your move. NRI trains you right at 
home in your spare time. 
No Experience Needed. 
NRI starts you with the basics, then builds 
your knowledge and skill a step at a time, 
all the while adding practical know-how 
through hands-on training. You even get 
tools you need on the job or in a business 
of your own. Over a million and a half stu- 
dents have trained the NRI way since 1914. 


Be an Electrician. 


Each year, the demand for skilled 
construction, maintenance, commercial 
and utility electricians continues to grow. 
The US. Department of Labor estimates 
thatclose to 100,000 new jobs will open up 
in the next ten years — a conservative 
estimate compared to industry and union 
predictions. 

And few jobs can match the money-making 
potential of the qualified electrician. You 
can earn a salary in excess of $25,000 or 
beyour own boss with your own electrical 
contracting business. 

Only NRI gives you this kind of practi- 
cal, job-oriented, hands-on training. 
You master practical skills like this with the 
equipment, test instruments, and training 
materials included in your course...you 
duplicate on-the-job wiring with your NRI 
Residential Wiring ng Practical Lab®...you 
leam professional troubleshooting using 
your Volt-Ohmmeter and Clamp-On 
Ammeter to test the circuits you build up 
оп your NRI Circuit Demonstrator...and, by 
installing and testing an electronic- 
programmable thermostat and a micropro- 
cessor- controlled remote power control, 
you come to understand today's electronics 
as it applies to the latest devices electri- 
Cians are called on to install and repair. 


Training in the latest need-to-know 
electronics required of today's 
electrician. 

NRI created this new course so you can 
move from the simplest fundamentals of 
electricity, through professional wiring and 
trouble-shooting techniques, all the way up 
to mastering the practical field skills you 
need to become today's electronic-smart 
electrician. Be an electrician. It could be 
the best and last job choice you'll ever have 
to make. 


ng, 
Refrigeration, 
+ Heating 
Technician. 


Be an Air Conditioning, 
Refrigeration, Heating 
Technician. 


When it comes to targeting the good 
paying jobs, regular pay increases, and 


the steady demand for your skills in this 
field, the U.S. Department of Labor scores 
a solid hit...high earnings and good job 
prospects attract many individuals... 
because people in business depend on 
their air conditioning, heating, and refrig- 
eration systems, the need for skilled tech- 
nicians to do maintenance work has to be 
met regardless of swings in the economy. 
Add millions of window units in older 
homes requiring maintenance and repair; 
heat pumps so popular they're now as 
common as furnaces; commercial 
refrigeration alone calling for skilled tech- 
nicians to install and service walk-in cool- 
ers, freezers, ice makers, and food cases. 
Wherever you look, there's tremendous 
opportunities for the trained air 
conditioning, refrigeration, and heating 
technician. 


NRI training so complete, 
professional tools even included. 
NRI trains you for this lucrative field, gets 
you ready to land a good paying job, pick 
up extra income in your spare time, even 
starta business of your own. You're 

to jump right in because NRI includes the 
tools you need: system analyzer, leak 
detector, tubbing and joint tools, a top- 
quality vacuum pump for purging systems, 
plus demonstration panel units for hands- 
on systems training. Graduates of our 
Master Course also get optional free 
residential training at the world-famous 
York Institute in York, PA. 


Go after high earnings, pay increases, 
а business of your own. 

Send for NRI's free catalog. Find out what 
hands-on projects you do, the profes- 
Sional tools you train with, and the future 
that can be yours. Act today. 


SEND COUPON TODAY FOR FREE NRI CATALOG! 


4401 Connecticut Avenue, NW, Washington, DC 20008 
И.Д We'll give you tomorrow. 


approved under GI bill 
CJ check tor диз. 


For Career courses. 


ft 
Hill | (Ví CHECK ONE FREE CATALOG ONLY 
О Electrician 
C] Air Conditioning Heating 
& 


| O Locksmithing & Electronic Security 
O Building Construction 


О Automotive Servicing 
О Bookkeeping & Accounting 


C) Satellite Electronics 
D Robotics & Industrial Controls О Basic Electronics 


Data Communications 
D Industrial Electronics 


O Photography O Communication Electronics 
O Small Engine Repair O Computer Electronics О Electronic Design Technology 
| С Appliance Servicing DTV/AudioWideoServcing O Telephone Servicing 


O Digital Electronics Servicing 


Age. 


Accredited Member National Home Study Council 


4204-040 


MAKES YOU 
ALMOST 2" 
TALLER 


WIDTHS: B-EEE 
FINE MENS’ 
SHOES 


Looks just like an ordinary shoe, 
except hidden inside is an innermold 
which increases your height almost 


two inches. Choose from a wide 
selection of ELEVATORS® including 
dress shoes, boots, sport shoes and 
casuals. Satisfaction guaranteed. 
Exceptionally comfortable. Call or 
write today for your FREE color 
catalog so you can look taller in no 
time. “MD. RESID. CALL 301-663-5111” 
TOLL FREE 1-800-343-3810 


ELEVATORS D 


RICHLEE SHOE COMPANY, DEPT. PS04 
P.O. Box 3566, Frederick, MD 21701 


“Say, Smokey—” 


Adinic on cars by Smokey Yunick, America’s most famous mechanic 


— Trad'oo — 
ARMRESTS 


ч, 1990 ACCORD 
\ 2 |$ААВ90@ 
pe SENTRA 1987-89 


EXCLUSIVE SLIDING CUSHION with PULLOUT TRAY. World-class design 
and materials. First choice for comfort, convenience, appearance. 
Install yourself. Our 10th year as most popular. 

Taclop* models to fit most bucket seat vehicles. HONDA—ACURA 
VW-NUDI — NISSAN — SAAB — GM — ISUZU — BMW. 

Specify TraciPad™ assembly for vehicles with lidded center 
‘compartment. Raises height, slides fore/att, pullout tray with mug. 
AUDI TURBO—MAXIMA—CAMRY— CRESSIDA-CELICA—VOLVO 
‘740160 — PEUGEOT 405— 5-10 BLAZER — MAZDA RX-7— PORSCHE 
944. Many others. 

Attractive, rugged leather-grain cushions in color choices. Return 
guarantee. Call/Write for tree literature. VISA/MC phone orders. 


HUSCO ENGINEERING CO., INC. 
17-A Calvin Rd., Wilton, СТ 06897 (203) 762-3181 


Oil and water 


After seeing the current price of anti- 
freeze, I am seriously thinking about 
using motor oil as an engine coolant. 
Even taking into consideration that 
I'd be diluting the antifreeze with 
water, it would still be cheaper to use 
motor oil. 

John R. Younker, Marietta, Ga. 


Don't do it. All of the cooling system 
hoses, seals, and gaskets are designed 
to work with a solution of water and 
ethylene glycol. Even if you could be 
sure that those parts wouldn't fail, the 
cooling efficiency would suffer because 
oil does not transfer heat as well as 
water. Remember that the oil gets lots 
thicker when cold and may foam badly. 


Permanent protection? 
I bought a 1986 Ford Thunderbird 
with 40,000 miles on it, and the cool- 
ant looks like new, clean 100 percent 
antifreeze. The previous owner didn't 
know if it had been changed by the 
dealer. Since I wish to continue the 
excellent care this car has apparently 
been given, I'd like to know how long 
antifreeze remains effective. 

Glenn Fox, Troy, Ohio 


A 100 percent fill of antifreeze in the 
cooling system is unusual at present- 
day prices, and, of course, the pure eth- 
ylene glycol will freeze at a higher tem- 
perature than a 50/50 antifreeze and 
water solution. 

From a freeze-protection point of 
view, an antifreeze solution is good as 
long as a hydrometer check shows it 
will handle the anticipated minimum 
temperature. But from a maintenance 
point of view, I'd change it every other 
year. This will remove the residuals of 
electrolysis and oxidation reactions, 
which will eventually restrict flow 
through the radiator passages. 


Knock off the dieseling 


To prevent my car from dieseling, I 
turn the ignition key to the off posi- 
tion before shifting the automatic 
transmission from drive to park and 
keep my foot on the brake pedal. This 
helps, but my question is, why does 
using a higher octane gasoline reduce 
engine knock? 

Albert Schantz, Reading, Pa. 


Higher octane fuel reduces knocking, 
or detonation, because it can tolerate 
more heat and compression (cylinder 
pressure) before it ignites. Instead of 
burning randomly or unevenly in the 
cylinder, high-octane gas will react at 
the proper time as controlled by the ig- 
nition spark. High-octane gasoline is 
more expensive because the ingredients 
in it require more energy to manufac- 
ture during refining. Engine knock or 
ping is a different condition than the 
dieseling problem you are experienc- 
ing, where ignition is caused by a hot 
spot in the combustion chamber. But 
using a higher octane gas may help 
this problem. 


Sun-loving pickup 


Every time the weather gets damp the 
motor in my 1975 Chevy truck refuses 
to start. The only way to get it going 
is to wait until the sun comes out and 
open the hood to dry everything out. 
What can be done? 

Dianne Stokes, Urbanna, Va. 


Steam clean the engine and engine 
compartment to remove any grease that 
might hold moisture. Check inside the 
distributor to see that it is clean and 
oil-free. If there’s oil inside, clean the 
oil drain-back holes and check all 
bushings and seals to make sure oil is 
kept out of the distributor-cap area. Re- 
place the spark plug wires with a type 
having tight-fitting boots. If the prob- 
lem recurs, a careful application of ig- 
nition drying spray solvent will often 
be enough to get the engine going. 


Turbos and alternatives 


Please explain the advantages of tur- 
bochargers and superchargers on four- 
cylinder engines as opposed to a larger- 
displacement engine with matching 
horsepower and torque. What about 
reliability and maintenance? 

Joel Abbott, Lexington, Ky. 


Turbos make more horsepower for 
minimum size and weight, but don't 
drive as well as normally aspirated or 
supercharged engines because of boost 
lag. They also require high mainte- 
nance but offer good fuel mileage. 
Supercharged engines drive well and 
make good power, but are off on mile- 
age and have fairly high maintenance 
requirements. A normally aspirated 
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engine of matching power must be big- 
ger and heavier, and some economy 
will be lost. To match the performance 
of a turbo- or supercharged four with 
a normally aspirated engine, you have 
to consider six cylinders. 


Well-dressed belts 


The fan belt in my wife’s 1987 Ford 
Tempo with the 2.3-liter fuel-injection- 
equipped engine and air conditioning 
squeaks when the engine is first 
started. Two months ago a new A/C 
computer module was installed, fixing 
the squeal for two weeks. Obviously 
the fan belt is slipping, but an appli- 
cation of belt dressing only works for 
two or three days. What can I do? 
Harry Souders, Sacramento, Calif. 


That belt's got more work to do than 
it can handle. The air conditioner 
should be disengaged on engine start- 
up. If a check shows that it is, have 
the system checked for high-side pres- 
sure. It's also possible that the power- 
steering pump pressure is too high. 


Lightning strikes, car dies 


A bolt of lightning hit a telephone pole 
right in front of my 1982 Chevrolet 
Citation while I was driving through 
heavy rain near Fort Lauderdale, Fla. 
My ears were still ringing when the 
engine went dead, but I was able to 
coast off the road and determine that 
the problem was caused by a failure 
of the electronic fuel injection. After 
the fuel-injection computer was re- 
placed the car ran trouble free. Later, 
an engineer friend told me that the 
strong electromagnetic field present in 
the lightning bolt messed up a tran- 
sistor in the fuel injection. What do 
you think, Smokey? 

Tom Cathcart, Quito, Ecuador 


I think your friend is correct in guess- 
ing that the lightning knocked out your 
computer with a high voltage spike. In 
fact, some early model car computers 
went haywire just driving by a very 
strong radio station. Things like this 
—the computer’s unexpected vulnera- 
bility to electromagnetic pulses—hap- 
pen as a result of the natural learning 
curve on a complex subject. Today's au- 
tomotive electronics are better shielded 
from spurious electromagnetic fields 
than earlier efforts. 


Got a car problem? Send it to “Say, Smokey—," Poputar 
Science, 2 Park Ave., New York, N.Y. 10016. All letters are 
read, and those of widest interest are answered in this col- 
umn. Due to the large volume of mail, Smokey cannot reply 
to letters not selected for publication. 


А Great Opportunity 


to take advantage of the Hottest Idea i ilding! 
Join the industry 

leader. Become a 

Distributor of our 

innovative steel 

framed homes. Сы... 


DISTRIBUTORS WANTED == 
IN SELECT AREAS 


= 


Lifetime Homes by Tri-Steel make it easy to get started with: 

* Low refundable * Advertising support 
investment programs * Construction assistance 
Unrestricted territories * Hands-on construction 
No franchise fees training 
Substantial discounts. * Training & support materials 
No inventory required * Hundreds of floor plans 


The advantages of Lifetime Homes by Tri-Steel indude: 
* Super energy efficient * Clearspan interior flexibility 
(R-30) insulation * High strength 
Fire & termite resistance * Low maintenance 
Fast, simple construction * Affordability 
100+ m.p.h. wind resistance • Custom design service 
Seismic 4 earthquake rating • Over 80 standard models 


Call Paul Samuels today for a video tape or a FREE Information Packet: 


2228 Call toll free: 1-800-TRI-STEEL 


жаиын or (214)580-1200 _ Fax: (214)550-0353 


the amazing new solution to 

rotary trimmer line problems 
No more trouble with trimmer line 
— never buy line again! 
Easy to install on your gas trimmer. 
Cuts through tough weeds, 
briars and grass. 
Keeps your rotary trimmer in 
business. 
Guaranteed to save you time! 

TO ORDER CALL TODAY 


1-800-262-5122 


(Call for dealership inquiry) 


( )VISA ( ) WC #. 
(..) Check enclosed for $21.95 plus $3.00 postage and handling. 


Exp. Date. 


Your Trimmer Make Model # 


Name Phone 


Street 


City State Zip 
Send to: WEED WIZARD, INC., P.O. Box 275, Dahlonega, Georgia 30533 
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Saw ч 


Experience 


the Beautv 
* Soaring Ceilings, Overlooking Lofts 
* Spacious Home Designs 
* Energy Efficlent, Super Insulated 
* 30 Years Residential Experi 
* Friendly, Knowledgeable 

Sales Staff 


Geodesic Domes, Inc. 
Please Send Ме: 
О 125 pg. color brochure with 80 home plans. Endosed is $8. 
or, Call 1(800) 854-9977 to order brochure. Visa & Mastercard 
‘accepted 


PROFESSIONAL QUALITY 
WEATHER STATION 
NOW AFFORDABLE 

ENOUGH FOR HOME USE! 


The new WeatherPro weather station uses state-of- 
the-art technology to give you full monitoring capa- 
bility at an incredibly low price. The WeatherPro: 
includes a weather computer, remote precision wind 
direction vane, wind speed sensor, external temper. 
ature probe, mounting hardware and 40° of cable-all 
for only $179! 


*WIND SPEED *WIND GUST 
TEMPERATURE *WIND CHILL 
*WIND DIRECTION *TIME 

TEMPERATURE HI/LO *AUTO SCAN 


*RAINFALL (OPTIONAL)* *1 YEAR WARRANTY 
*14-DAY MONEY-BACK GUARANTEE 


DIGITAR WEATHERPRO 
WEATHER STATION: ONLY $179! 
ORDER TODAY:1-800-678-3669, PS 


M-F 7AM-5:30 PM Pacific Time 
AMISSO CA residents d Sales tax 
D * MIC and VISA 


DIGITAR” 


3465 DIABLO AVE, HAYWARD, CA 94545 
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Next generation nuclear reactors (Continued from page 761 


but would serve to cool the fuel core 
indefinitely. The design being consid- 
ered by the DOE is GE’s PRISM (Pow- 
er Reactor Inherently Safe Module), 
in conjunction with a novel fuel cycle 
being developed for Argonne National 
Laboratory’s Integral Fast Reactor 
(IFR). The fuel will be a new uranium- 
plutonium-zirconium alloy, which can 
be reprocessed with a “pyrometallurg- 
ical” technology to separate out the 
longest lived, highly radioactive com- 
ponents of used fuel. Fuel recycling 
would enable the reactor to burn up 
these wastes. The process could reduce 
the time needed to store high-level 
wastes from millions of years to a few 
hundred years. 


Unique fuel pellets 


The DOE views the LMR as having 
another advantage—the possibility of 
breeding nuclear fuel. “We may reach 
the point,” says McGoff, “where we'll 
have to worry about the uranium sup- 
ply. Calculations show we're OK for 
decades, but not for hundreds of years. 

"The disadvantage of LMR is that 
it is still in the technology stage as 
opposed to the development stage. It 
might be ready for some time in the 
first couple of decades of the twenty- 
first century. It's not something the 
utilities will be operating shortly af- 
ter 2000. Nor do we need to." 

The other reactor concept that is to- 
tally different from an LWR uses he- 
lium to cool the core; graphite instead 
of water to moderate, or control, the 
nuclear chain reaction; and a unique 
fuel format. Each fuel particle consists 
of uranium oxycarbide and thorium 
oxide wrapped in layers of insulating 
and resistant materials. The tiny par- 
ticles, only “oo inch in diameter, are 
bonded together, either into small “peb- 
bles" or into fuel rods, depending on 
the specific design. The advantage of 
the fuel is that its outer layers of sili- 
con carbide and pyrocarbon can theo- 
retically never fail at any temperature 
the reactor could reach under any 
circumstances. 

"Therefore," says McGoff, “it has the 
advantage of high-temperature oper- 
ation. It could be used for process heat, 
for things like coal gasification. And 
itis the ultimate in passive safety be- 
cause of its fuel integrity" 

The version under consideration by 
the DOE, called the Modular High- 
Temperature Gas-cooled Reactor, or 
MHTGR, is being developed by Gen- 
eral Atomics and a utility group called 
Gas Cooled Reactor Associates, with 
technical participation by EPRI. It 
uses four 350-megawatt modules sunk 
into the ground—a massive heat sink. 
Its fuel rods are placed in holes in hex- 


agonal graphite blocks, an arrange- 
ment called “prismatic” (which confus- 
ingly has nothing to do with GE's 
PRISM reactor design). 

The MHTGR design has been se- 
lected by the DOE for one of two new 
tritium production reactors for the 
weapons program. 

The pebble fuel configuration is used 
in an MIT design conceived by pro- 
fessors Lawrence Lidsky and David D. 
Lanning called the Modular Gas- 
cooled Reactor Gas Turbine (MGR- 
GT). It is unique in that it uses a 
helium-powered gas turbine instead of 
a steam turbine. 

Lidsky notes that DOE support for 
this concept is “orders of magnitude” 
less than the funding for new LWRs, 
which use conventional steam turbine 
technology; some of his support comes 
from Japan. And the Soviets, he says, 
*have a major program in gas-cooled 
reactors .. " 

"The nuclear industry is its own 
worst enemy," says Lidsky, because it 
во strongly resists anything but modi- 
fied versions of the light water reac- 
tor. "If we build some other design, 
the industry says, will not the public 
say, ‘If a gas-cooled reactor is better, 
safer, cheaper, then why not close down 
the ones you've got?’ So the industry 
is very nervous, and for good reason. 

“Tf you look at any light water re- 
actor design, no matter how advanced, 
it still relies on defense-in-depth [a se- 
ries of redundant and backup systems]. 
And that makes it very difficult and 
complex to run, and essentially untest- 
able. And when it comes to nuclear 
power, the American public will no 
longer take an engineer's word that 
something is safe." 


Passive or active? 


The nuclear debate then is not sim- 
ply over whether new nuclear plants 
are needed, but what kind. Some au- 
thorities are even unconvinced that 
the quest for passively safe reactors 
is a good idea. 

Karlheinz Orth, an expert with Ger- 
many's Siemens AG, told a 1988 in- 
ternational conference on nuclear safe- 
ty that the lessons gained from Three 
Mile Island and Chernobyl showed 
there was no need to make draconian 
changes in reactor design, “по reason 
to leave today's mature light water re- 
actor technology" to experiment with 
immature alternative concepts. Insist- 
ence on inherent safety features, he 
said, "tend to neglect that the key to 
reactor safety lies not in different or 
changed safety principles, but in the 
systematic and consistent application 
of the principles, which have been 
valid from the very beginning" 5] 


World without wires (continued from page 1011 


traders will be using hand-held com- 
puter terminals to send data to a cen- 
tral computer via spread-spectrum ra- 
dio. The portable units will replace the 
Stacks of cards traders now carry, and 
will create transaction records that the 
federal government requires. 

AGS Information Services, a subsid- 
iary of Nynex Corp., is supplying New 
York Commodities Exchange traders 
with prototypes that contain remova- 
ble memory cards; the cards will even- 
tually be replaced with radios. 

Project manager Don Rosen says 
AGS is also working on prototypes for 
the Chicago Mercantile Exchange and 
Board of Trade. “They want a single- 
piece unit that weighs a pound or 
less,” he says. “We have to take a com- 
puter the size of the smallest porta- 
ble, add a radio, and make it rugged.” 

AGS plans to use the same technol- 
ogy to make mobile terminals for hos- 
pitals. A Pittsburgh company, Lifecor, 
has built a prototype of another med- 
ical device, the Continuous Ambula- 
tory Cardiac Monitoring System. The 
heart monitor communicates with a 
base station in a patient’s home via 
spread-spectrum radio. If the monitor 
detects arrhythmias, it directs the base 
station to dial a preprogrammed num- 
ber. It can then send information 
about the patient’s condition, such as 
electrocardiograms, over the phone. 

“Sudden cardiac arrest is the sin- 
gle largest cause of death in the 
United States,” says Larry Bowling, 
president of Lifecor. “If you could get 
to those people quickly enough, you 
could probably save hundreds of thou- 
sands of lives.” 

Bowling says his company is using 
spread spectrum because of its resist- 
ance to interference. “We need a high 
degree of certainty that the signal will 
get to the base station,” he explains. 
Clinical trials begin in six months, 
and the product needs approval from 
the FDA. 

Like Bowling, P. Stuckey McIntosh 
chose spread spectrum because he 
needed an error-free transmission 
method for his product. McIntosh is 
chairman of Gambatte! Digital Wire- 
less, an Atlanta company making a 
cigarette-pack-size transmitter that at- 
taches to digital musical instruments. 
The box sends signals to a rack- 
mounted receiver that controls sound 
equipment. Called the MIDIStar, the 
system costs $1,495. 


No strings attached 


Chick Corea uses it with a strap-on 
Yamaha keyboard. “When he gets up 
and does his hot-dog solos and wan- 
ders around on the stage, he doesn't 
have to drag a cable around behind 


him,” says McIntosh. Other performers 
who use MIDIStar include Whitney 
Houston, Kenny Loggins, and The 
Grateful Dead. 

Competing wireless music transmit- 
ters send signals via analog FM ra- 
dio. "Those products have a low drop- 
out rate, but ours has none," says 
McIntosh. A few errors on an analog 
transmission aren't critical, but dig- 
ital instruments require error-free 
transmissions. And unlike computer 
users, musicians can't tolerate short 
delays for error correction. 

Gambatte! (a Japanese expression 
meaning “Give it all you've got!”) will 
soon introduce the MikeStar, a wire- 
less microphone that transmits CD- 
quality sound using the same trans- 
mission system. 

Spread spectrum's applications are 
surprisingly diverse. They include a 
wireless computer mouse, remotely 
controlled traffic signals, remote me- 
ter readers, and a transmitter that 
would send status reports from the top 
of a hot-air balloon to the pilot below. 
Already on the market are systems 
for locating and communicating with 
truck fleets (see *Hello Satellite, Get 
Me Central," this issue). 

A system that's being tested in Mil- 
waukee and St. Louis uses spread 
spectrum to send signals to electronic 
price tags on grocery shelves. Price- 
Link's system saves money two ways: 
Workers don't have to affix printed 
tags to products, and the tags reflect 
price changes immediately. 

Companies that have mastered 
spread spectrum's core technology can 
use it to build many seemingly unre- 
lated products. ^We saw the music 
business as a good way of getting a lot 
of systems out into the hands of users," 
says Gambatte!’s McIntosh. “Now 
we're ready to expand into other areas." 

Gambatte! already sells components 
to a French company that makes ra- 
diation monitors. While one worker 
performs maintenance chores at a nu- 
clear plant, another worker keeps an 
eye on his partner's radiation expo- 
sure via a spread-spectrum link. 


Next-generation cordless phones 


Gambatte!’s next project: “The cord- 
less telephone that works as well as a 
hard-wired phone,” says McIntosh. He 
recently demonstrated a one-way pro- 
totype of a phone that Gambatte! will 
co-develop with a major phone manu- 
facturer. McIntosh says the spread- 
spectrum phone, which will initially 
cost $190, will be ready early next 
year. Its claimed advantages over con- 
ventional cordless phones will be im- 
proved voice quality and privacy. 

AT&T, Bell Communications Re- 
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A Personal Gift That Shows You Care 
Give the ACTUAL Newspaper Printed on the 
Date of a Birthday or Other Special Occasion 


A well-preserved, authentic edition of an original 
newspaper from 1880 to the present. Not reproductions 
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Deluxe Presentation ina 
Handsome Personalized 
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Find your dream home in these six exciting 
volumes packed with proven, innovative 
home designs. Order your favorite category, 
or send for the complete collection, with 
over 4,050 illustrations in 1,136 pages! All 6 
books for only $19.95! 


1250 HOME PLANS 


@ HOME PLANNERS, INC. 
| Dept. 5K. 3275 W. Ina Road #110, Tucson, AZ 85741 
Please RUSH by return тай (check choice}: 
| E (1) 315 ONE STORY HOMES 


2 (under 2,000 sq. ft.) $4.95 
ы | C (2) 210 ONE STORY HOMES (over 2,000 sq. ft.) $4.95 
c 


| C (3) 150 1-1/2 STORY HOMES $3.95 

lo (4) 360 TWO STORY HOMES $6.95 
0 (5) 215 MULTI-LEVEL HOMES $4.95 
ОО (6) 223 VACATION HOMES $4.95 

| Ci (7) NEW DESIGN PORTFOLIO $3.95 


FREE! 

Purchase two or more of C SEND ALL 7 BOOKS AT $19.95 (А $34.65 VALUE!) 
our planbooks at regular ii: 

price and receive free this 

NEW DESIGN PORTFOLIO 


1 

| 

l 
featuring 75 of our newest | 
creations. Also sold | 
separately at $3.95. | 
I 

l 

1 


Satisfaction Guaranteed! Credit Сага 
Orders Call Toll-Free 1-800-322-6797 


114 | POPULARSCIENCE APRIL 1990 


l—————À 4 
l 


" А 
World without wires 

search (Bellcore), Bell Labs, and Mo- 
torola are working on complex “micro- 
cellular" cordless phone systems for 
offices. Bellcore engineers envision a 
Universal Digital Portable Communi- 
cations system that would allow a 
building's occupants to send signals 
from portable telephones and comput- 
ers to low-power radio base stations 
connected to the telephone network. 

OCI, the company selling a wireless 
network for computers, is also devel- 
oping what vice president Kavanaugh 
calls an "on-site cellular" phone sys- 
tem. "Instead of the cell radius being 
twenty miles, it might be twenty me- 
ters,” he says. “You blanket a build- 
ing with these cells. And you carry 
some form of communicator with you." 
It could look like a phone, a portfolio, 
or something else, he says. It would 
send spread-spectrum radio signals to 
a controller that ОСГ engineers have 
dubbed "the geek" (or GIIC, which 
stands for Great Intelligence In 
Closet). The controller, like a cellular 
system's switching office, would be 
linked to the outside phone network. 

Spread-spectrum technology may 
even be used for citywide cellular te- 
lephony. Pacific Telesis (Pactel), which 
operates a cellular network in the Los 
Angeles area, has announced that it 
will not use the digital cellular tele- 
phone standards adopted by the Tele- 
communications Industry Association 
[“Cellular Goes Digital,” Jan.]. Instead 
it will use a spread-spectrum system 
called code-division multiple access 
to increase channel capacity. 

Instead of using just one coding se- 
quence to smear the signal across a 
range of frequencies, Pactel will use 
several coding sequences at once. Each 
caller is assigned a different code, and 
his phone receives only the informa- 
tion spread using that code. 


Mixed signals 


“Spread spectrum is a way of cod- 
ing and decoding digital signals,” says 
Shalleck of Hillier Technologies. “The 
method of transmission is really im- 
material.” That means the technology 
isn't even restricted to radio signals. 
Some companies are interested in us- 
ing spread spectrum to transmit sig- 
nals on power-line carriers—perhaps 
to control appliances in a "smart 
house.” The FCC rules on this type of 
application are unclear. 

Spread-spectrum products like Hill- 
ier’s light switch will eventually find 
their way into houses. One executive 
who wants to order wireless switches 
for his company’s offices says he’s wor- 
ried people will steal the switches and 
take them home. His solution: He 
plans to screw them to the walls. Eis] 
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KEY MACHINE YOURS 


TO КЕЕР!Й 


enable you to get your share of this always- 
profitable business. Hundreds we've trained 
are doing it. So can YOU. 
MAIL COUPON to discover how Locksmith- 
ing can keep the extra money coming in dur- 
ing spare time—or in your own full-time 
business. Ideal for retirement—good jobs, too. 

FOLEY-BELSAW INSTITUTE 

6301 [чүм ur Ply 11801 

N. apr mm Del.—'| make $50 a 
week extra." 


R. Davis, St. Louis, Mo.—" cleared $110 last 
Saturday." 


Ed Boyle, Pittsburgh, Pa.—"My business going 
at top speed. I'm moving to bigger quarters.” 


MAIL THIS COUPON „ NO 


FOLEY-BELSAW INSTITUTE. 
6301 кысу, RD., 245 11801 


Rush FREE book 


WILL CALL 


p to your Future.” 


€ I 


9 Clear Brush 
© Landscape 
© Garden 


BE YOUR OWN BOSS! 


With over 30 attachments available (Dozers, 
Loaders, Backhoes etc.) you and your Magna- 


К 
t 


rac can tackle any “compact-size”’ construc: 
ion or landscaping job. Earn EXTRA CASH 


by getting into places the "'big-rigs" can't and 


E 


hen name your own price! 
жым Эт» m виш eee шь 


Send NOW for details 


Name | à сатдгов of uses & attachments ... $1.00 [I 
“Gan add $50 C] TECHNICAL MANUAL of assembly 
to $100 a week Ш Address | and construction details ......... S 
A te in- T " 
соте. апа ci. State Zip [Гел 
Sopanit cost STRUCK-KIT e BOX 307 e DEP 


you a penny 


pua DA шш шш шш шш иш иш ий 


CEDARBURG, WISCONSIN: ral 


Mz 


Shoppers' Showcase 


Aselection of products and services for POPULAR SCIENCE 
readers available direct by mail. Enjoy the fun and con- 
venience of mail ordering shopping. Please order directly 


from the advertiser. For advertising rates for this sec- 
tion, write Advertising Sales, PoPULAR $С!ЕМСЕ, 2 Park 
Avenue, New York, N.Y. 10016 or call (212) 779-5000. 


DAVARI KG 


INTERNATIONAL, INC. 


386 FULL 32-BIT COMPUTER 
A ГЕАОІМС ЕРСЕ куса COLOR MONITOR 

* 100% IBM compatible. 7 

* 32-bit 80386 microprocessor. 

* 8/16 MHz speed (switchable). 

* 40 MB—22 milli-second hard drive 
with integral 1:1 interleave controller. 

* 1 MB RAM expandable to 8. MB. 

* One 5.25" 1.2 MB floppy disk drive. 

* Four 16-bit expansion slots. 

+ Two 8-bit expansion slots 

+ One 16-bit VGA video adaptor with 256K 

memory expandable to 512K, displays up 
to 1024 x 768 res. 

+ 1 Centronics parallel port. 

* 2 RS-232C serial ports. 

* 80387 math coprocessor socket. 

+ Zero wait state. + Includes software: MS-DOS 3.3, 
& GW-BASIC. + Supports all VGA/EGA/CGA/MDA/ 
Hercules® modes. * Dim.: 15.5" x 15.9" x 6.1". 

VGA Color Monitor: 

* 14" high resolution tilt swivel monitor. 


Mfr.Sugg. Retail: 


THE "GREAT DEAL" CATALOG 


1-800-729-9000 


ORDER TODAY!! 


Л СТС DELUXE WIRELESS SECURITY SYSTEM 


+ Intelligent home security system. 

+ Detects intruder during entry. 

+ Wireless for easy installation, 

* Difficult to defeat because of new, 
advanced technology. 

+ Lamp command flashes lamp 
upan intrusion. 

+ Signal relay—relays entry sensor 
intrusion signal from a remote area of 
your home to controller. 

+ Tamper resistant. 

+ 85 decibel alarm on inside siren, 

+ Piercing 120 decibel outside siren. 

+ Fail-safe battery back-up. 

* Low battery warning. 

+2 Year Warranty! 

+ Factory New! Factory Perfect! 


Includes: 


* IBM compatible. + .31 mm dot pitch. 

+ Analog input signal. • Resolution: 640 x 480. 
* Full 20 Month Factory Warranty! 

+ Factory New & Perfect! 


XT TURBO IBM 
WITH COMPATIBLE 
COMPUTER SYSTEM 


* 20 MB Hard Drive. 
* One 720K 3-1/2" 
disk drive. 
+ 640K RAM. 
+ 84-key keyboard. 
+ 8088 16 bit 
microprocessor 
at 7.16 MHz. 
* 14" high resolution 
black /white monitor. 
= High res.graphics: 
640 x 200. 
CGA compatible. 
+ Serial & parallel 
interfaces. * Mouse port. 
+ Includes: MS-DOS 3.2, 
MS-DOS Manager, GW-BASIC. $1,999.00 
* Dim.: 13°W x 14.5°H x 11°D 


(without keyboard) 
* Model #: EZPC 20 plus $ 99 
EZA4. upgrade. * Wt.: Арх. 28 Ibs. 
* One Year Warranty! 


+ Factory New! Item No. B-1931-117721 
Factory Perfect! Insured Ship/Hand.: $30.00 
= 


Mig. Sugg. Retail: 


$1999” 


ltem No. В-1931-133967 
Insured Ship/Hand.: $40.00 


[eJ:X-][e] DIGITAL GUITAR 


12 preset tones include: 

* Guitar 1-2, electric guitar, funky, 
glocken, harp, shaminsen, mandolin, 
‘organ 1-2, trumpet, chorus. 

12 preset auto-rhythms include: 

* Rock, pops, country, swing, bossa 
nova, waltz, 16 beat, reggae, enka, 
blues, slow rock, tango. * 6 note 

polyphonic. утро control keys. 

+ Star/stop keys. + Synchro/ill-in key. 

+ Transpose control. + Mute control. 

* 14 fret neck. • Output jack. 

+ Pitch control. + Built-in speaker. 

* Uses 6 AA batteries (included) or 
АС adapter (not included). 

+ Dim.: 34-3/4°L x 10°W x 3-1/16"H. 


$299.00 - 


DAMARK PRICE 


& Perfect! ior No. B-1931-134932 
Insured Ship/Hand.: $9.50 
== 


~ B entry sensors, 1 system controller 
(includes inside siren), 1 signal relay, 1 lamp. 
Command, 1 outside siren, 2 window stickers, 1 yard 
sign, and complete hardware and batteries. 


Item No. B-1931-133389 
Insured Ship/Hand.: $15.00 


HALOGEN TORCHIERE 
FLOOR LAMP 


+ Halogen torchiere floor lamp. 
* Shines light upward, 
yet fils entire room. 
+ Variable light control switch. 
+ 500 Watt halogen bulb included. 
* Sieek, black finish. 


* Glass insert below shade allows 
light to shine downward 
also—for a complete lighting effect. 
< Color: Black. + Height: Approx. 72". 
+ One Year Warranty! 


Mfg.Sugg.Retail: 
$170.00 


$59 


C FOR FASTEST SERVICE CALL TOLL FREE 
qj 


1-800-729-9000 


CUSTOMER SERVICE: 1-612-566-4940 
NAME 
ADDRESS 
Cry 91— р 
PHONE 


0 Check/Money Order C] VISA SIGNATURE 
(MasterCard [[] Discover CARD NO. 


DELIVERY TO 48 U.S. CONTINENTAL STATES ONLY SUBTOTAL 


in MN add 6% Sales Tax 
Total S/H/ 
GRAND TOTAL 


EXP. DATE. 


Send To: DAMARK INTERNATIONAL, INC., 6707 Shingle Creek Parkway, Minneapolis, MN 55430 


POPULARSCIENCE APRIL 1990 | 117 


POWER-FED | | 
TOOLS IN 1 


Now you can use this ONE power-feed shop to turn 
rough lumber into moldings, trim, flooring, furni- 
ture- All popular patterns, Rip-Plane-Mold & Sand 
„. Separately or in combination with a single motor. 


Low Cost ... 
$50 DOWN! 


You can own this power tool for only 


30, EREE TRIAL! 
RUSH COUPON TODAY! 


Foley-Belsaw Со. 
6301 Equitable Rd. 

Kansas City, Mo. 64120 

О YES, Please send me complete facts about your PLANER - 
MOLDER-SAW-SANDER and details about 30-Day Trial offer 
and that I will receive your quarterly Woodworking Catalog. 
Dept.91535 

О NO, I'm not interested in a Foley-Belsaw PLANER- 
MOLDER-SAW-SANDER but please send me your Free Wood- 
working Catalog. Dept. 44067 

Name 
Address 


City 


| В citystate 
f Phone ( ) 


International Correspondence Schools 
Dept. PCS30 , 925 Oak St, Scranton, PA 1851! 
mm mm mm эша сы 


State Zip 


MAIL THIS COUPON ин | 
FOR FREE FACTS! 


42 ways ICS can help you improve your life 
Rush free facts and color brochure on how | can 
train at home for the career | have chosen. | 
understand | am under no obligation and т 
salesman will visit me. CHECK ONE BOX ONLY! 
ae DEGREE 


Ej ct Engineering Tech. 
Bn EET Engineering 


потен eal Engineering 
ech 


[ Electronics Technology 
OMA PROGRAMS —— —— 


Programming С ТУЛСА Repair 


r” 


[| with option in Finance 

В с Business Мала 

Bp in option п Marketi 
— CAREER Dit 


о Catering Gourmet a] 
Cooking О Diesel 
Mechanics 

О Electrician 


/onditioning & Repair 

l Refrigeration C Gun Repair 

C Photography 

О Journalism/ 
Short Story 
Writing 

п Dressmaking & 

Design 


Age_ 
Apt sf 


Repair 
O Electronics. 
О Travel 
) Child Day Care [C Police Sciences 
[| Management” Cart 
| В нате 


| J Address 


mo-—— | 


Control Water Weeds 


Amazing new Underwater Harvesting Tool! 


the WATER-WEEDER Harvesto 


“Works just like a 
hedgetrimmer underwater” 


Cut aquatic vegetation from a boat, from a dock 
or simply by wading in from shore. Control weed 
growth the environmentally safe way 


Satisfaction Guaranteed or money back! 
Call or write today for FREE information package. 
TOLL FREE 1-800-552-1217 


Waterside Products Corp. 


РО. Box 876, Lake Mahopac, New York 10541 


World's 
Largest 
Manufacturer 
Of Portable 
Sawmills 


Four Models To Choose From 


1(800)553-0219 


In Indiana call: (317) 271-1542 
44-page catalog or use 
your MasterCard or VISA 
to order our 50-minute 


demonstration video-$10.00 ЁЁ 
Wood-Mizer Products, Inc. e Dept E49 
8180W. ТО St. Indianapolis, IN 46214-2430 
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OWN YOUR OWN HOVERCRAFT 
The ONLY TRUE All Terrain Vehicle! 
SCAT HOVERCRAFT, INC. FLY 
The largest manufacturer Over Land, Water 
of recreational Ice, Snow T 
Hovercraft in Ср 


Cushion 
the world of air 


Call 
Toll Free 
1-800-541-7228 


For Free Information 


SCAT HOVERCRAFT, INC. 


DEALER INQUIRES INVITED 
6865 N.W. 36 Ave. 
Miami, FL 33147 


SINGERS! 


REMOVE VOCALS 
FROM RECORDS AND CDs! 


SiNG WITH THE WORLD'S BEST BANDS! 
An Unlimited supply of Backgrounds from standard 

Stereo records! Record with your voice or perform live 

with the backgrounds. Used in Professional Performance 

yet connects easily'to a home component stereo. This 

unique product is manufactured and sold Exclusi 

LT Sound - Not sold through dealers. Call or 

Free Brochure and Demo Record. 

LT Sound, Dept.PS-3,7980 LT Parkway 

Lithonia, GA 30058 (404) 482-4724 


Manufactured and Sold Hue purs V 


ж ж ж ж + PRESENTING 4 4 o 


CABLE TV 
EQUIPMENT 


жж +++ STARRING ce 


, HAMLIN, 
AND OTHER FAMOUS MANUFACTURERS 


* FINEST WARRANTY PROGRAM AVAILABLE 
* LOWEST RETAIL/ WHOLESALE PRICES IN U $ 
* ORDERS SHIPPED FROM STOCK WITHIN 24 HOURS 


FOR FREE CATALOG ONLY 1-800-345-8927 
FOR ALL INFORMATION 1-818-716-5914 


PACIFIC CABLE CO. INC. 


RESEDA BLVD DEPT 
RESEDA, CA $1335 


Make and Sell Your 


Own Ornamental «тл» 


Concrete Items! 


Book about Aluminum Molds 
including over 425 designs, 
prices and production trade 
secrets from the world's 
largest mold manufacturer. 


FREE CATALOG! 
1-800-648-7938 


JERROLD HAMLIN OAK ETC 


CABLE TV 
g EQUIPMENT 


* Special Dealer Prices! 

* Compare our Low Retail Prices! 
* Guaranteed Prices & Warranties! 
* Orders Shipped Immediately! 


REPUBLIC CABLE PRODUCTS, INC. 
4080 Paradise Rd. #15, Dept. 
Las Vegas, NV 89109 

For all other information (702) 362-9026 


THEORGNAL + 225 YD. RANGE! 
WRIST-BRACED SLINGSHOT 


POWERFUL & ACCURATE 


AT DEALERS OR ORDER рес __ 


$1500 Zim 


А YOUR IRE HOME 
1-218-326-6786 or Write 


‘Charma: ster? 


2307 mo HWY 2 W. 
GRAND RAPIDS, MN 55744 


AMAZING 179b fying machine 
CLIMBS to 10,000 feet NO 
required MO WING or Helicopter blades 

PLETELY TRANSPORTABLE SAFEST, Easi- 
cat, Cheapest way to iy för complete ino + 
FREE Demo flight send $5.95 to: Freedom 
Fliers, PO. Box 135 , West-Pittston, РА 
18643. (Buy One Be A Dealer If Open.) 


| О New Renewal | 
O Change of address | 
| Gaye $13.94 C22 YRS. $24.97 


| E11 YR. (Canada and Foreign) $17.94 
O Draves 


Ови me later 


PRII 
ZIP. 


when writing about service or a change of address. If you 


оге moving. place your mailing label in this space and 
write your new address in the space provided below. 


Please attach your mailing label from the front cover 
Allow 6 weeks advance notice. 


you. If you'd like your nome removed from tnis 
Check те box below 


[Pease remove my nome from your ist 

Mailto: POPULAR SCIENCE 
PO. Box 2571 
Boulder, CO 80302 


al 


Build high voltage machines! Make lightning! Е 
form experiments! Rediscover а lost science! You can 
до it! Discover an amazing collection of high quality! 
books, plans, and secrets! Write for a catalog! 


Tesla Coils! 


Discover one of the finest collections 

of Tesla books available, including 
_ on riew and reprints of id, rare books. 
You'll find a 1904 book on Tesla's experi- 
ments with wireless power transmis- 
sion, complete experiments, lost in- 
ventions, unusual books on Tesla coil 


Lightning | 
Machines! 


Build a Wimshurst, Holtz sonal copy of our fasci-| 
ог Winter static electric nating есте Бооке 
machine. Build electro-| catal. 
scopes, Leyden jars, scin-| You'll b 
tillating tubes, electrical | faction Рр тея 
cannons ar and т more. TODAY! 

-= = æ = шш m эшш 


1 LINDSAY PUBLICATIONS I 
Box 12:WT2 Bradley IL 60915 
I E] Send an Electrical Books Catalog! $1.00 is enclosed! 


[pw [ 
f sree 1 


Ley State Zip = 
—— == == == 


CABLE TV 
DESCRAMBLER LIQUIDATION! 


* Major Makes & Models! 
* Will match or beat anyone's prices! 
* Dealer discounts at 5 units! 


* Examples: 
HAMLIN COMBOS . 
OAK ADD/ON 
OAK M35B 


$44 ea. 
$40 ea. 
$60 ea. 


WEST COAST ELECTRONICS 
For Information: 818-709-1758 
Catalogs & Orders: 800-628-9656 


(Min. 5) 
(Min. 5) 
(Min. 5) 


BACKYARD HOT TUBBER 
Рр , 


SAVE THOUSANDS SSS 
Relax in our wood-fired hot tub! 


Easy to assemble, affordable WOOD-FIRED hot tub 
systems. ideal for homes and vacation cabins anywhere 
The systems are energy efficient. No electricity, pumps or 
Miters needed and no freezing problems. 

30 day satisfaction guarantee! 


PACKAGES STARTING. д $1150 
Free Bonus 


Snorkel Stove Company _ YES. 
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EARN EXTRA MONEY IN 
YOUR SPARE TIME WITH 
ææ YOUR CAMERA 


“I'mproudestofhaving 
one of my pictures 
published by Reader's 
Digest. Thanks NYI. 
You made a success- 
ful photographer 
out of me at the 
tender age of 50: 
Leo Paro of 
Burton. МЇ. 


* Learn in your own home, at your own pace. 
* It's easy to get into your own business. 
e “Live action" video tapes included in course. 
The New York Institute of Photography has 
helped thousands of amateur photographers 
just like yourself broaden their expertise and 
also turn their hobbies into extra money. Our 
easy-to-follow course combines superbly illus- 
trated lessons with recorded training on both 
audio and video cassettes. This method is a 
proven aid to rapid learning. 
Satisfied students say: "I opened a small store 
in a local mall and made $48,000 in just 
8 months...thanks for your expert training" 
wrote Louis Barton of Texas. And from Virginia 
Don Jester writes: “Му biggest thrill was to see 
one of my photos on the cover of a national 
magazine—and be paid for it!’ 
Find out about this remarkable course 
and what it can do for you— 
по obligation and no salesperson will call. 


Get the facts in our FREE CATALOG 
Call Toll Free 1-800-336-6947 


ASK FOR OPERATOR #940—OR WRITE 


NEW YORK INSTITUTE 
OF PHOTOGRAPHY 
Dept. E40, 211 East 43 St., NY, NY 10017 


YES YOU CAN! 


— make $18.00 to $30.00 an hour! 
— work full time or part time, right at home. 


— operate a CASH business where 90€ of every 
dollar is CASH PROFIT! 


We'll send you a FREE Lifetime Security 
Fact Kit ‘ours to keep with no obligation 
— that gives you the details on being your 
own boss with a Foley-Belsaw Full-service 
Saw and Tool Sharpening Shop. 

YES YOU CAN have independence and 
make good money. But you have to WRITE 
NOW to get your FREE Lifetime 
Security Fact Kit. 
Mail the 
coupon below. 


Foley-Belsaw Co. 
6301 А ү” eco 


EN | ward to know mont Please rush my 
FREE Lifetime Security Fact Kit 


yay OB 


Сой or wiile fr fee 20 page color brochure: 


THE IRON SHOP Dept. PS40 (215) 544-7100 
Box 547, 400 Reed Road, Broomall, PA 19008 
Locations In: 

FL (813) 923-1479 

ся 52-9010 


THE E IRON SHOP 


MANUFACTURERS. 
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Classified Opportunity Mart 


Reach 4.4 million readers every month 


Classified Opportunity Mart. June Issue Deadline (on sale May 15) is 
March 26. Rates: $10.50 per word. Min. ad 10 words. Darker type 
(Bold) words $1.00 per word extra. Display Classified: $585 per inch. 
Payment with order, or charge your Visa, MC, Amer. Exp., or 


with an ad in Popular Sciences 


Diners Club Account (give # & exp.) Advertisers using box number in 
ad must furnish name & street address for our records. Send order & 
remittance payable to POPULAR SCIENCE, Classified Dept. 6C, 2 Park 
Avenue, New York, NY 10016, 212-779-5000. For advertising informa- 
tion call 800-445-2714. Fax #: 212-779-5568. 


Dorothy: Elis, Classified Advertising 


CABLE TV 


DESCRAMBLERS 


JERROLD $105.00 


STARGATE... $99.00 


ZENITH $18500 
MANY MORE... CALL OR WRITE FOR 
FREE FAST INFORMATION. 

YOUR BEST BUY'S & WARRANTIES 
РОН CABLE CONVERTERS AND 
IDESCRAMBLERS START WITH A 
FREE CATALOG FROM: 


ORDERS AND CATALOGS CALL 
OLL FREE 


T 
1-800-624-1150 
C.O.D 


К INFORMATION PLEASE CALL 


FOI 
(402)554-0417 


STOP JAMMIMG ME 
If you rent video tapes they" 
jamming you too. 
‘When playing back rented movies you will notice 


Guaranteed eliminates all copy protection 
'ompletely automatic no adjustments. 

*Digital state of the art. 

*Works on all TV's, VCR's, Beta, Cable. 


EE] Order toll free HA 


1-800-624- 1150 


Call or write for your free catalog 


Everquest Corp. 875 So.72nd 
Omaha, Ne. 68114 


BARGAIN HEADQUARTERS! 


-JERROLD - ZENITH -TOCOM -OAK 
“SCIENTIFIC ATLANTA + HAMLIN 
6 month warranty! We ship C.0.0.! 
Lowest retall'wholesaie prices! 
FREE CATALOG. 
Global Cable Network 
1032 Irving St. Suite 109 
CA 94122 


ORDER TODAY! 800-327-8544 


RUBBER STAMPS 


INNOVATION custom-made your por- 
trait on stamps. Practical Fun Free Sample. 
Imageart, Box 546, Suwanee GA 30174. 


TELEPHONES & ACCESSORIES 


Suite 312, Oakland, CA 94611 
AUTOMOBILES 


VAPOR Carburetor Triples MPG. Free 
Information. H&A, R2PS, Bowling Green, 
MO 63334. 


GOVERNMENT SEIZED Vehicles from 
$100. Fords. Mercedes. Corvettes. Chevys. 
Surplus. Buyers Guide (1) 805-687-6000 
Ext. S-20025. 


DRUG RAID SEIZURES! Buy Dirt 
Cheap. Mercedes, Fords, Porches, Van, 

icks, Free Details: Seizures, Box 4309- 
YA, West Covina, CA 91791. 


15 It. True You Can Buy Jeeps For $44 
though the U.S. Government? Get the facts 
Call 1-708-742-1142 Ext. 4606. 


MONEY back guarantee listen to a pro- 
fessional buy any new car at or near cost 
send $5.00 to: Colonial Publishing, Box 
1732, Williamsburg, VA 23187. 


GOVERNMENT Seizures! Dirt Cheap 
Bargains Galore! Autos... Vans... Boats... 
Computers... Houses! Write: Bargains, Box 
1305: PS, Seaford, NY 11783. 


USED CAR RIP-OFFS EXPOSED! 
Handbook gives secrets to spotting 
“lemons”. Guaranteed. $7.00. DAI, 
Box 122-D, Demarest, NJ 07627. 


GOVERNMENT 
SEIZED PROPERTY 


FUTURE AUTO/HOME FUEL Free In- 
formation, G. Ent., 45 Bramalea Rd., Box 
151, Brampton, Ontario L6T 2W4. 


$225 DAILY “CHROME PLATING” 
Auto Parts, Motorcycles, inexpen- 
sive, easy, (rre information: Chrome, 


Box 2285S, Waldorf, Maryland 20604. 


ALTERNATOR/GENERATOR Rebuild- 
ing Book. Price: Hedelund Engineering, Box 
26044, Las Vegas, NV 89126. 


FOREWARNED is forearmed USED 
CAR BUYERS GUIDE. Professional ad- 
E. 00. CBB, Box 232, Beachwood, NJ 


POWER INVERTER UNIT: 110/125 AC 

Housecurrent in your Car, Truck, Van or 
Boat. $249.95 To: USAEI, Box 6396, Col- 
umbus, Georgia 31907, 30 Days Warranty. 


AUTO SUPPLIES & EQUIPMENT 


ENGINE OVERHAUL KITS: Wholesale 
Catalog $2.00. Engine Service Group, Dept. 
, Box 13053. Lansing, MI 48901. 


PARTS—6000 ра! in 400 
page catalog. S400. Clark" CORVAIR 
PARTS Inc. Box A, Shelburne, MA 01370 
(413) 625-9716. 


MASSAGE Lounger with ta] 
kneading, rolling functions $1,295. 
chure. (301) 926-2832. 


RADON KILLS! Free Report Se 
Lives. Radon, Box 15760, Plantation, 
33318. 


мазан Lg Quality shoes 
log: Bellis 


ca 
Ey ath S йир ID 83350. 


VERY HEALTHY ALL NATUF 
FOOD PRODUCT. Information $1 
Remco, 1894 Smith Street, Suite 228, 
Providence, R.I. 02911. 


BOATS, IN/OUTBOARD МОТО! 


BOAT KITS—PLANS—PATTERN 
CHOOSE FROM HUGE SELECTIO 
8'/70' — Powerboats — Sailboats 
Houseboats — Rowboats — Hydroplane 
Tunnelhulls — Duckboats — Canoe: 
Kayaks Dinghies — SUPPLIES 
Epoxies — Fiberglass — Foam — 88 
FOR GIANT ILLUSTRATED CATAL 
$3.00 ($5.00 airmail) ок “Ата! 
Boatbuilding” $6.00—C4 ‘CRAFT 
5 (Апаат Tonawanda NYIA 14150. 


BOAT PLANS—PATTERNS—KIT 
Hundreds of Proven Designs—7'/5 
Hydroplanes—Canoes— Kayak: 
Rowboats— Duckboats—Dorie 
Bassboats—Sailboats—Houseboats- 
ortfishers—Latest Technology/Simp 
Stitchenglue. 168 е DESI 
BOOK $4.00 AIRMAIL. Includes FI 
“Boatbuilding Supplies” catalog. Book: 
раке BOATBUILDING WITH 
WOOD, NEW 3rd Edition ONLY $2 
GLEN-L, 9152 Rosecrans, Box 1804/PS. 
Bellflower, CA 90706. 


FLASH yous OWN MESSAGE 
whenever you apply brakes. Change mes- 
sage anytime. Brakelight $10.95. Catalog 
$2.00. Mahalo Unlimited, Р.О. Box 717, Or- 
ange, TX 77631, 


“POLLY” MOTOR OIL ADDITIVE 
sa-cD 


1-800-872-8977 VISAMC - RPM 
CORP. 
TEFLON/PTFE OIL Save big $$$! Make 


res for $3/Qt. Easy! Ingredients readi- 
available in stores. Instructions $5.00. 

iewton Product Works, Inc., PO Box 515, 
Branchville NJ 07826. 


DON'T bang your flashlight due to poor 
battery contact. ELECTRO-BOND makes 
any electrical connection work better! 100s 
of uses auto wiring, boats. cleans, coats, pro- 
tects. 2 ounce bottle $5.95 or send for free 
information. Quality Electric, RD#4, Box 

Middletown, NY 10940. Dealers Wel- 


ae 


EVIMRUDE- OTHER BRANDS 1: 
BARGAIN: .00 Hand] 
Scott McCul perte s.. Electra Marine, 
Merrick Road, Lynbrook, New York 11 
(516)599-3003. 


ALTERNATE ENERGY 


FREE ENERGY! Fuel-less Motors 
Generators! H&A. R2EPS, Bowling Gr 
MO 6333: 


FREE HYDROGEN and OXYGEN ! 
water Generator uses solar cells. Plans 
kit $15.00. Prairie Power, Box 8291, Edn 
ton, Alberta, T6H 2W6. 


ENERGY, ТЕ! 


GRAVITY, UFO'S PARANORMAL Р 
NOMENA Information Package—$5.( 
HEER, P.O. Box 5286, Springfield, 
221 


work Anywhere. Wi 
Lehman, 411B, Kidron Ohio 44636-00 


NEVER BE LOCK OUT of your auto- 
mobile again. Complete electronic plans, 
$7.00 Info. $1.00 UNLOCK Box 6258, Tra- 

49685-6258. 


REFRIGERATED AUTO BEVERAGE 
HOLDER. Fits all vehicle air conditioning 


Black. brown, bi 
BEV-FRIG, BO "Box 8125 D-6, 
СА 91409. 


Ps Nus, 


SAVE HUNDREDS, MAYBE THOU- 
SANDS! Extend Your Сагъ Life—Amazing, 
Proven System. Send $4.00. DirectLine, 
Route 10, P.O. Box 251-D106, Raleigh, NC 
27603. 


IEDUCE ENGINE WEAR REAL- 
ISTICALLY. No Additives. Automatic pre- 
start oil pressure system. Easy detailed 
plans $15.00 MECHIDYNE, P.O. Box 
19838, Houston, TX 77224. 


STOP THAT THIEF! Protect your RV, 
auto, etc.- Ingenious device - $19.95. You 
install - easy - fits all Morem AMEX, MC, 

VISA, MO, Ck, -800-342-6343, 24 


BETTER HEALTH 


HOW you can OVERCOME ASTHMA. 
FREE information: Coretechs Innovations, 
К.К. #8, Peterborough, Ontario, K9J6X9. 


PERPETUAL Motion Puzzle Solved! 
citin, rt; newsletter; catalog $5 
CEACU, Box 261P, Morton, WA 98356. 


NEVER be without electricity à 
Complete schematic plans to wire your 
for alternate power. $12.95 Amp and vol 
charts, generators, switches available. 
ternate Power, 2185. Hill Street, Griffin 


BUILD our wood stove detailed pl 
Send $10.00. Steel Heat, Box 76, Lakew 
NM 88254. 


SAVE 3500 gallons water per year. A 
age family, 14,000 gallons. GUARANTI 
savings. $3.00. SAVE, 3300 Bee Cave R 
Suite 650-105, Austin, TX 78746. 


200 SUPPRESSED INVENTIO 
Ami Catalog: $2.00 Rexco, Box 19 
Jean, NV 89019. 
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ALTERNATE ENERGY (Cont) 


if you want Solar Electricity atthe Very Best 
Prices, send$2(Refundable)forourcatalog 
of New & Surplus Solar Electric panels, 
cells, inverters, controllers, books, and 
related technology forindependent power. 
APPLIEDPHOTOVOLTAICS 
Box2773, Staunton, VA24401 
" Bringing thecostof Solar Electricity down 
to earth.” 


|LECTRICITY FROM SUN, WIND, 
ЕАМ. cane manual for the Serious 


imenter. Theories, Formulas, Dia- 
$12.95. NuTech, PO. Box 747, Ti- 
, NM 87059. 


RECONDITION BATTERIES. Easily 
Earn Hundreds Weekly. Untold Secrets. 
Free Information. Battery Outlet, Box 3300- 
S, Hickory, NC 28603. 


RECYCLE METALS, NO, NOT BEER 
‘CANS! Easy $458 weekly! Free informa- 
tion, Hornsbys, Box 1214, Franklin, TN 
37065-12 


9392.00 FROM Square Foot Plywood 

ге Demand! Revealing Proof $1.00 (Re- 

fabie Woodwins, Bridgewater, Mass 
02324-2299. 


$15,000 MONTHLY Income! Eas: 
eymaking Plan. No Investment. М 
x 5529-Ү, Diamond Bar, CA 91765. 


NEED MONEY? Free Grants, Signature 
Loans, Business Loans. Write: Action # 7-Y, 
Box 5499, Diamond Bar, СА 91765. 


Mon- 


LAR WATER cm Save $336/ 
38 pages of detailed E and instruc- 


DRUG RAID SEIZURES! Buy dirt 
cheap. Cars, Houses, Boats, Computers, Fur- 


. $124 heec lar Design Box | niture. Free Details: Seizure, Box 4309-YD, 
„ Arvada, CO 8000; West Covina, CA 91791. 
JOME MADE ENERGY rarely shown ADVERTISE free in 507 Magazines. 
þess $4.95 Р.О. Box 6234 Boise, ID. 83707 


CAN MAKE UP TO $750 NEXT 


EXPENSIVE, SUPERIOR, INSU- 
ED SKYLIGHTS And Solariums, 
rints & Materials List $19.95, or send 
.E. for a information: SOLAR 
, P.O. Box , Sunriver, OR. 97707 


ARTS & CRAFTS 


IETTING Started In Stained Glass" 
Daiano, Box 2065X, Hanover, 


OUNTRY STYLE BREAD BOX" 
AUS holiday gift. Detailed In- 
BBP, РО. Box 1631, St. 

ins, VT 054 


USINESS OPPORTUNITIES 


ооо» аад Fros шшш. 
envelope: Progress, Box 93248, Los 
es, CA 90093. 


JAILORDER OPPORTUNITY: Start 
table home business without ex 

or capital. Free book. Mail Order 

„ Dept. 557, Montvale, NJ. 07645, 


1804 MONTHLY! Buy/sell ODE 
). Revealing proof! Write: PODE 
Drive, Friendswood, TX 7' 


[АКЕ YOUR DREAM COME TRUE. 


REPLACING THEM. CALL TOLL 
E 1 (800) 826-8523 OR WRITE: 
GLASS MECHANIX INC., 10170 
47 St., Sun Rise, FL 33351. 


$5.00. Directory, Box 11W, Atlanta, GA 
30301. 


GIANT TV 


DONT BE FOOLED BY IMITATIONS! 
Build the best giant screen projection TV for home or high 


Prol with lenses and screens utilized by SONY, ZENITH. 
SYLVANIA. and MAGNAVOX! Simpie construction" иснад 
Jnformation, prot pan. and complete parts catalog $2 
Money back guarantee! Earn $100,000 year 
POLI-VISION GIANT TV 
187 CYPRESS ST., THROOP PA 18512 


PROFITABLE Gold Foil Printer. Person- 
alize business cards, pencils, matches. Free 
details, Gold, P.O. Bor 2 24986 (LLC), ‘Tampa, 
FL 33623. 


SCREEN Print T-Shirts. Inexpensive 
kits, Free Details. T-Printer, Р.О. Box 23991 
(LLC), Tampa, FL 33623. 


IUMPERSTICKER PRINTER. Cheap, 
simple, portable. Free details. Bumper, Р 
Box 22791 (LLC), Tampa, FL 33622 


MAKE HOMEMADE BOOKLETS. 
VVE EARNED $187,000 WITH MINE. 
MONEY NEVER STOPS! Free informa- 
tion: Dasher, Р.О. Box 5320, Sevierville TN 


$97,500 YEARLY “hidden” in your com- 
puter? Yes! Free) report: Simpson, 771 PS, 
attle Ground, Washington 98604-0771. 


FORMICA: Repair Burned and Damaged 
Countertops WITHOUT REPLACE- 
MENT! Quick, easy to $600/day. Change 
countertop Colors WITHOUT REMODEL- 
ING! Millions of apartments, homes pay 
profits immediately. Introductory package 
FREE! 206/256-9742. Introductory Video- 
tape $14. RENEW-ALL BOX 9900-SS, Van- 
couver, WA 98668. 


Stranded? 


Locked your keys in the car? In the house? Lock- 
smith your way lo riches! Save yourself & charge 
others, Unique Шатаа 343 page book shows 
tools of the trade for fun & profit Cor 


mplete with 


glossary & index Beware! This book can change 
your lile! Enjoy money making in a recession 


proot business Order now. 52195 + 53 S/H to. 


Toolamatics 
5942 Edinger. Ste 11323654, 
Huntington Beach. CA 92647-1706. 


100 tor $10.00 500 for $20.00 one color 
B&Wonly Віше, Red, Green, Brown, Gold 
Postage and Handling Included 


BUSINESS, PERSONAL 
OR CALLING CARDS 
‘Custom upon request, Catalog $2. redm on purch 


Send sketch or sample with check to: 
А Viclor Р.О. Box 504, Wareham. MA 02571 


$115,000 ANNUAL PROFITS in the 
car business. Part time - No experience - 
Guaranteed success! Recorded message re- 
yeals FREE information. Call now. (805) 


РС Owners Make Bij 
Computer. $15.00 R.S. 
Fairfax VA 22033 


me окои EXPENSIVE PLANTS. 
FOR 2,000% PROFIT. Free infor- 
mation G GROWBIZ, Box 306-54. Seminary, 


Money With Your 
interprises PO. 1004 


EARN BIG MONEY At Home. DeGru; 
Box 26028, New Orleans, LA 70186. 


GET PAID for reading magazines! Free 
report. Johnson, „ Sandini Rd., 
Marlboro, MA 0175: 


BIG BUCKS in spare time. FREE Info! 
D. DGP, FO Box 40382, Downey, CA 


FREE SAMPLE! Miracle Polishing Cloth. 
592% profit plan! R&S, 1312-PS Washing- 
ton, St. Louis, MO 73103. (314) 241-8464. 


FREE INFORMATION, WHOLESALE 
ANY QUANTITY, GUARANTEED 
PRODUCTS, CARCO, CATALYST WA- 
TER, WATER FILTERS, ANTI-AGING 
MOISTURE REPLENISHER, NUTRI- 
TION, HOMEOPATHIC MEDICINES, 
COSMETICS, MILK ALTERNATIVE, 
PERSONAL/HOUSEHOLD CARE, 
AUDIO/VIDEO TAPES. DICK CAYOT, 
DEPT. PS-490, 3810 2nd AVE., DES 
MOINES, IOWA 50313-3504, (515) 
243-7893. 


GET PAID for mailing letters! Write: 
PAASE—TH2, 161 Lincolnway, North Au- 
rora, IL 60542. 


READ BOOKS for pay! $100 a title. 
Write: PASE—KS2, 161 Lincolnway, North 
Aurora, IL 60542. 


CONSULT MAKE $977 per day! Home 
inspection consultants need now work from 
home.Get paid up front. Inspection supplied. 
by real estate network, For immediate re- 

nse write: NHIC, 216 MITCHELL AVE. 
RACUSE, NY 18207 


NEW! "Talking Balloons" Make Mega 
Bucks. BTW Enterprises, P.O. Box 49049P, 
Philadelphia, РА 19141-0549. 


ЖЕ MONEY within 14 days without 
experience. Easy! Omega, Box 4309- 
Covina, CA 91791. 


your Own Boss. $5,000 to $10,000 
Month Part-time Work 10 to 15 hours 
week. 24 hours recorded message. Call 
415-979-5403. 


HOW TO START AND OPERATE: Easy 
step by step profitable businesses at home 
free details. Joseph Rhino M 1611 
S. Victoria Ave, Los Angeles, CA 90019. 


FINANCIAL FREEDOM! Learn how 
with your copy of “$25,000 For A Few Hours 
Work.." Send $13.95 today. JasCo, Dept. 1A, 
1116 5 St. S.E., Minneapolis, MN 55414. 


START Secondhand Business! $2,000. 
monthly Р/Т! Details $1 m Secondhand, 
Box 1719(PS), Hilo, HI 96: 


T-SHIRT PRINTING MACHINES. We 
sell professional single and multi-color 
screen printing equipment inexpensive, 


Free Brochures. Catco, 12201 NW 35 St., 
#538, Coral Springs, FL 33065. 
A “No-Nonsense” Way То $500 A Day. 


Rush Sase. D.J. Quick, 814 Woodward St., 
McKeesport, РА 15132. 


E PICTURES for profit. Camera 
tures, Box 771, Lamara, CO 81052. 


ILLIONAIRE Mailorder Expert Re- 
Money-Making Secrets. Free, exciting 
cassette: Melvyn Powers, No. Holly- 
| California 91609. 


PARTS SUPPLY, BOX 4157, 
INSVILLE, TX 78523-4157. 


INDREDS weekly easily. Assemble 
EN products. Spare Time. No Experi- 
| Free information. IEC, Вох 2227, Sil- 
Пе, WA 98383. 


DAILY "CHROME PLATING" 
Parts, Motorcycles, inexpensive, easy, 
Е) information: Chrome, Box 2285, 
lorf, Maryland 20604. 


KE $7,000 monthly as Loan Broker 
lout investment/experience. Financial, 
/78-Y, Anaheim, CA 92803. 


"WEEKLY mailing ads. Admailers 
iates. Вох 51063, Durham, NC 27717. 


ICHANICALLY inclined individuals 
ing Hi ng Ege e Weekly Profits operating 

business Without In- 
dup ite: Businesses, Box 9008, 
[їп N.Y. 11510-9008. 


BUSINESS SECRETS revealed by suc- 
cessful entrepreneurs. Send $4.95. GRQ, 
P.O.BOX 1114, Huntington, NY 11743-0640 


$5,000MONTH WITH ZERO IN- 
VESTMENT! No products to sell, no over- 
head, no inventory. Let others make you 
rich! Established 5-year-old company. $50 
billion industry. Call 24 hour hotline for 
details and free start-up package. 
1-900-741-2211, ext. 956. $1.95/min. 


MAKE THOUSANDS GUARANTEE! 
MONEY MAKER Free Details. Financial 
Planners, 225 Dawn Isle, Las Vegas, 
89128. 


AT LAST 
A "NO-NONSENSE" WAY TO $500 A 
DAY Exciting Income Discovery Cre- 
ates The "Ultimate" Home Business 
Opportunity of the Decade! Details 
Free ... (SASE). R.B. Woods Associates, 2002 
Linden Way, King Of Prussia, PA 19406. 


ALUMINUM SCRAP—Recycle Yourself 
—MAKE UP TO $425.00/POUND! FREE 
Information: Industrial - PS04, Box 127, Al- 
exandria Bay, New York, 13607. 


GOLD SECRETS. Low cost refining. Ini- 
tial information $15.00 (refundable). Sase. 
ARCADORAMA, 6307 Handsome Lake 
Drive, San Antonio, TX 78238. 


10,000 MONTHLY Taking Photo- 
at Home! Call recorded message: 
674-8155. 


PIANO Tuning Academy, 127178 Ger- 
таайа, Alexander, AR 72002. Profitable, 
‘Master. Visa. 


ASSEMBLE Products At Home For Free 
Information Call 800-462-1128 Ext 90PS 


MAKE FREE PHONE CALLS! Start a 
5595 business! Amazingly simple system. 
Send $5.00 in cash to: R.M.M., 1085 Com- 
monwealth, Suite 144, Boston, MA 02215. 


EARN Thousands at home maili 
sase. for 
, Pittsburgh, PA 


ets! Send $5.00 & k 
Starter. Meliton, Box 12 
15241. 


Sase for information. Darmil, 6402 Eastside 
Dr NE Suite 1, Tacoma, Washington 98422. 


LET THE GOVERNMENT FINANCE 
your small business. Grants/loans to 
$500,000. Free recorded message 
707-448-0270. (JG6) 


“SELL MONEY!" Become a Loan 
Broker! Free details, Dept PS 221, Financial 
Planning, 210 5th Avenue, New York, 
10010, (718) 768-6803 Ext. 200 (24 Hrs.). 


NEWSWEEK WALTER CRONKITE) 
LEAVES TEACHING AFTER DEVE- 
LOPING ASTONISHING INCOME MIR- 
ACLE FOR "THE LITTLE GUYS" PART- 
TIME FROM HOME. FREE DOCU- 
MENTED PROOF. SUCCESS DYNAM- 
ICS INTERNATIONAL, 7095 WEST 
9600 NORTH, TREMONTON, UT. 
84337-8628. 


DARE TO BE A SUCCESS Proven Prof- 
itable Home Business. Free Information. 
E Publishing, 16 Dagorret, Oroville, CA 

5966. 


YOUR OWN BUSINESS? Seven most 
profitable businesses easily started at home. 
FREE details plus bonuses! Write: Little 
Rhody Publishing, 1800 Mineral Spring 
Ave., Suite 276, М. idence, RI 02 E 


PIANO TUNING i: Learn wit 
proved home study course, Diploma granted. 
American Tuning School, 17050 Telfer Dr, 
Morgan Hill, CA 95097. 


SPARE time fortune in Vinyl Repair. 
Huge demand creates exceptional profits. 
We зщ upply Leen. Details free, VIP, 
2036 Me hicago 60618. 


Foe ree Business for Financial 
Free Details, Onyx, 12 Angle 
Street Buffale NY 14214. 


START your own business, Easy! Profita- 
ble! Little or no capital needed!! Free details, 
Business Success +, Вох 152D, Greendale, 
W153129, 


PROVEN SUCCESSFUL BUSINESS, 
C. Fairchild of Spokane WA. made 
$87,000.00 1st 6 weeks from shoestring 
start. It works! Detailed start-up plan $1. 
cash: PW-M, Box 110801, Cleveland, 
OH 44111. 


ECONOMICAL Make durable buildi 
pace Be easily. Bays Laboratory, 2086-2078 
„ CO 81413-9628. 


MONEY IN YOUR MAILBOX. Simple, 
$2.00 + Sase. Quick Reply. Darryl, POB 583, 
Drayton Plains, MI 48020-0583. 


EASIER EARNED MONEY - Using 
your spare time at home. Free details. 
portunities, 91-28 96 Street, Woodhaven 
11421. 


$1000. 4-6 HOURS HONEST WORK 
make this in your area information - $1.00 
and long sase to VENTURE FORWARD, 
P.O. Box 1057, Battleboro, NC 27809. 


NEED EXTRA MONEY? Last year, I 
made $15,000. NO INVESTMENT, half- 
hour daily. Details $9.95. A. Boulanger, Box 
E Station “C”, Montreal, Qc Canada H2L 


BECOME A REAL ESTATE AP- 
PRAISER. $100,000 plus potential. Home 
study. Earn professional certification. Free 
Literature. 800-223-4542 Dept. RE109. 


VIDEO MAKERS Profitable, Proven 
ldeas that make THOUSANDS $$$ at 
home. FREE Info 817-293-8277. 
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BUSINESS OPP. (соп) 


IMPORT-EXPORT opportunity, profita- 
ble world-wide, mail order business from 
home, without capital. We ship plan for по 
risk examination. Experience unnecessary. 
Free Report, Mellinger, Dept. A2696, Wood- 
land Hills, California 91367. 


$40,000 ON v3 ACRE! New hydroponics 
- inexpensive, pleasant, practical! Free infor- 
mation. Planters, Box 1214, Franklin, TN 
31065-1214. 


NEW Profitable “How To” Business Man- 
uals And Business Reports. Free Details! 
Astro, Box 161-D, Dominion City, Manitoba 
Canada ROA ОНО, 


BOOKS & MAGAZINES 


BOOKLET tells how and where to mar- 
ket your invention. Patents and trademarks 
explained. $3.00. Robert Ricks, P.O. Box 
6404, Ft. Worth, TX 76115. 


MONEY MAKERS - MONEY SAVERS 
Free Information: Importing, Wholesale, 
Land Purchase, Computers, S.A.S.E. Dr. "V^ 
Publications, 4974 N. Fresno St., Suite 424, 
Fresno, CA 93726. 


HOMEOWNERS— Valuable Information 
Guaranteed How to choose Contractors, 
Owner Builder, Contracts & deal with City 
Hall to your advantage. $20.00 ck/mo/vi/mc. 
Ahltech, 1909 E, Covina Blvd., Covina, СА 


FREE SUBSCRIPTIONS to over 200 

major бе ус and business magazines— 
arani frite for free information: Sea- 
Ку es Militia Drive, Lexington, MA 


VIETNAM WAR POEMS Vet's candid 20 
pe, booklet $12.00. Barnard Martin, Rt. 2, 
x 215PS, Florala, AL 36442. 


Send for FREE BROCHURES 


COMPLETED JETS 
G8-2 PRESSURE JET 


“ЧЕТ POWER" COLOR VIDEO (VHS) 29.95] 
130-LB. THRUST JET BLUEPRINTS. . 25.00 
[20-LB. THRUST JET BLUEPRINTS... . 15.00 
$12.00 - Complete Information Package 
Plus 60-Page Technical Handbook 


EMG ENGINEERING 


Р.0. BOX 1368-G Hesperia, CA 92345 


=: HELICOPTER 


Helicopter Plans plus Experimer 
plus full kit information: 
Only $19.95 


тошто: add $4 0.5, 


нефрет, 
Вох Soa (For Information oniy 


Riderwood, MD 21139 m 
Credit cord order line: 1-301-583-6368. 


MEET MANX' 


YOUR PERSONAL FLYING MACHINE 


MAIL LETTERS FOR 2 CENTS! No 
fees or bulk required! 100% legal! No gim- 
micks! Save $$$ in postage stamps! 
once and easy to use system is proven to 
work! Little-known facts are revealed. 
Write for proof or send $12.95 to: M.E. En- 
terprises, P.O. Box 3057, West Lafayette, 
IN 47906. 


LEARN PC'S FAST by Clifford Lazar 
to MS-DOS, WordPer- 
ir, Lotus and BASIC." 110 
рр, $19: 90. (CA res $21.24). SystemsEx- 
BS Ventura Blvd., Sherman Oaks, 


ALL TERRAIN VEHICLES 


BUY ONE AND WE'LL MAKE. 
YOU AN EXCLUSIVE DEALER 


max 


6 wheel drive 
[Amphibious 728 


ATV 


(21. years-old and over, Please) 


Call Toll-Free 1-800-255-2511 


(From anywhere in the U.S. or Canada) 


Recreatives Industries, Inc. 
60 Depot Street, Buffalo, NY 14206 


AVIATION 


HOBBY HELICOPTER. Ultralight sin- 
ge seater. Simplified construction— 


lotorcycle engine. Brochure $5.00 POLY- 
NOVA Dept. PS, Saint-Remi, Quebec, Cana- 
da JOL 2L0. 


m" HELICOPTERS 


5 Models 
Available 


You Can Build for Under 900 
улты ainan a y 
INFORMATION PACK dad. Da 
нр аччу 


[9] BW ROTOR CO,.INC. 


Box 391-8 
Towanda, KS 67144 


Finally, an inexpensive homebuit helicopter..that makes 
sensei Forget everything you know about conventional heli- 
ойе We have re-written the Book оп helicopter design, 
The MANX" co-axial helicopter needs no tal rotor because it 
produces no torque. Twin counter-rtating rotors provide faii- 
Sale hover and cruise fight with no noticeable vibration. 


Moshier Technologies 
234 Stat гөн, Suite 108, (Dept. PS2) Los Altos, CA 94022 


AIRBOATS - Hovercraft Supplies. Plans, 
Kits Propellers, Engines. Catalog. $3.00. 
6408, Meeker, О} 


Sportscraft, Box lahoma 
74856. 

BOOMERANG: INCREDIBLE НЕ. 
‘TURNS! World’ Best Hi-Tech Designs, Free 
Illustrated Catalog. Amazin, 
angMan, 1806-2 N. 3rd, 
71201-422: 


ISTRUCTORS SECRETS. License in 
30 days! Low as $2.00 day. FAA CERTIFIED. 
Complete student packet $5.00. Air Re- 
sources #P236, 3463 State, SB, CA 93105. 


ASTRONAUTICS 


BUILD YOUR OWN 
ROCKET MOTORS! 


SUP TO 00 POUNDS THRUST! 
ING SIMPLE MATERIALS! 
$ FOR JUST PENNIES APIECE? 


К-ү around yos ad 
SEND $200 TO: 
Dept. PS2, THE TELEFLITE 
CORPORATION, 11620 Kitching, 
Moreno Valley, CA 92387 


Жоке ТА | 


LARGE ROCKET Kits, Motors. $1.00. | 


HSR, Box 5127, Reno, NV 89513. 


ROCKET MOTOR MAKING TOOLS 
and supplies Catalog $3.00, Impulse Reac- 


tions, Box 61342, Seattle, WA 98121. 

30 ANTIGRAVITY METHODS! 
Amazing Catalog: Send $2.00. Rexco, Box 
19250, Jean, NV 89019. 


CLASSIC CARS 


BATTERY MASTER SWITCH 


Disconnects all electrical circuits with 
a simple turn of the knob. Attaches 
to battery in minutes. Heavy duty. 
Suitable for 12 or 24 volt batteries. 
Eliminates battery drain, prevents 
electrical fires, provides emergency 
cut-off. 

Remove knob to stop theft and un- 
authorized operation. 


$12.95 each postpaid 
Add $1 for side URST INC adapter 
BATH! 


Box 27-PS, Tore, РА 16686 
814-684-2603 


Quantity discounts—12 units or more. 


Hemmings 


` Motor News 
World’ largest collector car 


er TSO pagos each month 
with housa: 
y old Cars, pa: 
pte G 


Box 100, Dept. 0417, Bennington, Vermont 05201 


FOR INVENTORS 


DEAL DIRECT WITH 
REGISTERED PATENT ATTORNEY 


GRADUATE ENGINEER 


3! YEARS OF EXPERIENCE 
U.S) & INTERNATIONAL PATENTS 


Patent and develop your idea with the 
experience of an expert. Call or write for free 


Also speci: 
copyrights and trademarks 


Less than 1 hr from 
US Patent Office 
CALL TOLL FREE 1-800-442-2728 


MICHAEL I. KROLL 
REGISTERED PATENT ATTORNEY 
S PATENT REGISTRATION 26,755 

171 STILLWELL LANE, SYOSSET, NY 11791 


PATENT AND DEVELOP Your Inven- 
tion, Registered Patent Agent and Licensed 
Professional Engineer. Send for FREE PAT- 
ENT INFORMATION Every Inventor 
Should Have. Richard L. Miller, 12 Parkside 
Drive, Suite-N, Dix Hills, NY 11746. (516) 
499-4343. 


INVENTORS! Confused? Need Help? 
Call IMPAC for free information package. In 
U.S./Canada 1-800-225-5800. 


INVENTORS: Call TLCI for free infor- 
mation 1-800-468-7200 24 hours/day — 
USA/Canada 


INVENTORS! Can you patent and profit 
from your idea? Call or write for your free 
information 


INTORS CORPO- 
RATION. 82 Broad Street, Dept. PS. West- 
field, Massachusetts, 01086. 
1-800-338-5656. In Canada call (413) 
568-3753. 


INVENTORS Your first step is im 
tant. For free advice, call ADVANCED F 
ENT SERVICES, Washington, 
800-458-0352. 


REGISTERED PATENT ATTORN 


D.A. Kettlestrings, 414 Hungerford D 
Rockville, Marylan 208 
1-800-748-6216, 


BIG-TIME Invention Works. Edison 
ceeded. So Can We! 1-314-435-9290. 


FREE help for inventors! No ch 
protection forms and information kit. 
ated Inventors Foundation. 1-800-525-5t 


ATENT IT ECONOMICALLY! ] 
details. Licensed since 1958. Rainer As 
ates, 2008 Fondulac, Richmond, VA 232 


PATENT Searches and Application 
Licensed Patent Attorneys, 1-800-722-8: 


LEARN how to offer your inventior 
sale or license. Free booklet outlines 


cedures, royalty rates, requirements, | 
sler Sales Corporation, C-7-FI, Frem 
Ohio 43420. 

BUY IT WHOLESALE 


CLOSEOUTS! Wholesale! Overr 
Freebies! Information (stamp); DDN, 
20152-G, Ferndale, Michigan 48220. 


400,000 BARGAINS Below Whole 
Many ‘Free! Liquidations Closeouts! 
Lots...Single Samples. Free details, W 
wide Bargainhunters, Box 1409-B, Holl 
MI 49422. 


COMPUTERS 


BUILD your own Macintosh and | 
50%. New book shows how. Free i 
Brants, Box 68708, Portland, OR 97268 


HOW To Manipulate Computers of С 
Corporations Legally $5.00. GINP, 14 
Grandville, Detroit, Michigan 48223. 


FREE SOFTWARE for IBM and com 
ible computers! Info. $1.00. Blue Chip E 
neering, Dept. 17, P.O. Box 1100, Wal 
CA 91789. 


COMPUTER 

SOLUTIONS FOR YOUR BUSINE 
GUARANTEED! $16.95 Follow easy 
structions on correct way to desi 
fice system. Send description а 
present PC system, present software 
organization size and realistic budget, 

you what and where to buy, how 
fie immi benefit DesignPerfect, 
3409 Fern Place Greensboro, 


FREE Programs!! IBMpcs/App 
TRSSUS Commodores. EZRAEZRAS, 
5222SPA, San Deigo, CA 92105. 


ABSOLUTELY LOWEST PRICE! 
computers, software and accessories - 
anteed. Write for free information: 
4T Militia Drive, Lexington, MA 0217; 


SAVE MONEY 


iyments, Savings d 
More. PC Compatible $20.00: HAL-1 
prises, Box 92228, Albuquerque, 
87199-2228. 


CONFUSED?? ХТ, 286?, 3867, 
Where-How much? More. Our qui 
naire will help you decide. Send $10. 
ASQUS, 2166 W. Broadway, Suite 580, 
aheim, CA 92804. 


EDUCATION & INSTRUCTIOI 
PARALEGAL GRADED CUI 


HIGH SCHOOL at home, dipl| 
awarded. Low monthly payments, 
classes, information free. Phone 
14 228-5600, or write: American 


128-5600, 4 
IN #347, 850 E. 58th St., Chi 


WORLD WIDE SOLL MGE or 
Si 


PARAPSYCHOLOGY Course. Di 
Universal Esoteric (Dept. PS), Box 5! 
FLA33159. 
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EDUCATION (Con't) 


< 
IE A RECORDING ENGINEER: Train 
ome for High Paying—Exciting Careers. 
EE Information AUDIO INSTITUTE, 
4 Union St. Suite 22M San Francisco, 
94123 


UPERMUSIC. Two amazing modifica- 
is enable you to read/write music without 
rps, flats or ledger lines! Guaranteed! 
w to” manual $9.95. Music Concepts, 
8 Dundas West Suite 774, Toronto Cana- 
М9В 6E3. 


REE COLLEGE TAPE External De- 
гв Business/Public Administration LAW 
УЫ Undergraduate Financial Aid. 
)) 759-0005 LE UNIVERSITY, 
ndeville, LA 70470-4000. 


INIVERSITY DEGREES Without 
sses! Accredited Bachelor's, Master's, 
torates Free Revealing Facts! Thorson- 
|, Box 470886, Tulsa, OK 74147. 


UPERLEARNING! Triple learning 

эй through music! Develop Supermemo- 

control stress. Free— book excerpt & cat- 

t Superlearning, 450-PS4, Seventh Ave- 
'C 10123. 


ULLY APPROVED UNIVERSITY 
QREES! Economical home study for 
helori, Masters, Ph.D., fully approved 
alifornia State Department of Educa- 
| Prestigious faculty counsels for inde- 
nt study and life experience credits 
students 400 faculty). Free 
iation— Richard Crews, M.D, (Harv- 
President, Columbia Pacific Univer- 
Department 2R54 1415 Third Street, 
Rafael, CA 94901. Toll Free (800) 
0119, California (800) 552-5522, or 


МЕ A PARALEGAL. Work with 
eys. Lawyer instructed home study. 
АЧ finest. 


DR. JOHN BEAR, PO BOX 826- 
BENICIA, CA 94510. 


ааа 
MPLOYMENT INFORMATION , 


OME assembly. Electronics, Automo: 
crafts, typing, sewing. Aj low! 
Lnd У ааа 


Any State, Any Occupation, in- 
Government, State, Public. Also 
seships, Tugs, Ships, Riverboats, Oil- 
Women] fork month- Home 
kn. U.S.A. plus Overseas. Information 
. Nationwide Employment, B223PS, 
iral, Indiana 47110. 


ASY Work! Excellent Pay! Assemble 
lucts At Home. Call 504-641-8003 Ext. 


VERNMENT JOBS $16,040— 
,230/yr. Now Hiring. Call (1) 
687-6000 Ext. R-20025 for current fed- 
list. 


339.84 WEEKLY! Homeworkers 
Кей! Amazing Recorded Message Re- 
Details, (213) 776-1087 Ext. 34. 


ERSEAS...$30,000 - $75,000 + . Free 
rt! Employment, Вох 19760-FD, Indi- 
llis, IN 46219. 


EMPLOYMENT 
'HLY $6.00. Н. Reedy, 1539 N.C/L 
, Ridgecrest, CA 93555. 


CAN MAKE UP TO $750 NEXT 
IKEND Free Details Write Now Jack 
tt Publishing, Dept. 4A, 933 Grimmet, 
port, LA. 7110: 


FINANCIAL 


BTS? BILLS? BAD CREDIT? No 
m! We'll help now. Applications ac- 
$500-$50,000. Not. a loan company: 
: TCAC, Dept. PS. 400 Century 
uth #117, Birmingham, Alabama 
от call (205) 979-1400. 


CABLE EQUIPMENT 


ILE TV. SECRETS—the outlaw pub- 
lon the cable companies tried to 

Movie Channel, Showtime De- 
hnblers, Converters, etc. Suppliers list 
веі, $8.95. Cable Facts, Вох 711-PS, 
skala, OH 43062. 


CABLE T.V. CONVERTERS Jerrold, 

Oak, Scientific Atlantic, Zenith, & тап, 
rs. “New” stereo add-on: gus 

volume. Ideal for 400 & 450 owners! 
1-800-826-7623. B&B INC. 4030 Beau- 
D-Rue Drive, Eagan, MN 55122. 

CABLE TV BOXES We sell only the best 
low prices, we ship COD. Free Brochure. Ace 


lucts, P.O. Box 582, Dept. S, Saco, ME 
04072, 1-800-234-0726. 


CABLE TV CONVERTERS 
Why Pay a High Monthly Fee? 


Jerrold, Oak, Hamiin, Scientific Atianta, 
60 day warranty. Shipment 
ice MCVISA C.O D. Te : 
ning hrs. also (708) 438-406. Stamped Envelope (506 
postage for FREE catalog No. Ill. orders 

L & L ELECTRONICS 

1430 Miner St., Suite 522 

Des Plaines, Ill. 60016 


CABLE TV 
“BOXES” 


Converters—Descramblers 
Remote Controls—Accessories 
* Guaranteed Best Prices * 
* 1 Year Warranty—C.O.D.'s * 
* Immediate Shipping * 

* FREE CATALOG + 


Call or Write 
TRANS-WORLD CABLE СО. 
12062 Southwest 117th Court, Suite 126 


Miami, Florida 33186 
1-800-442-9333 


and more! | 


[E 
VISA 
I 


CABLE TV Converters - Descramblers 
Discount Center Jerrold, Tocom, Hamlin, 
Scientific Atlanta, Zenith. Order Yours To- 
day! 800-962-6836. 


CABLE TV 
EQUIPMENT 


Converters, Remote Controls, 
Descramblers. CD Players 


JERROLD-OAK-SCIENTIFIC 
ATLANTA-HAMLIN 
ПТН MANY MORE CALI 


L TODAY! 


Only quality products sold 
VA Easy to use w^ Satisfaction guaranteed 
Knowledgeable sales staff 
VA Most onders shipped within 24 hours 


CALL FOR YOUR FREE CATALOG 


E 1-800-228-7404 EB 
MAKE THE CONNECTION 
WITH 


ELECTRONICS || 


5114 Balcones Wood Dr. #307 Dept. 298 
Austin, TX. 78759 


DO-IT-YOURSELF 


ELECTRONIC KITS! Tracking Trans- 
mitters! Voice Disguisers! FM Bugs! Phone 
Devices! Detectors! Моге! Catalog $2.00: 
XANDI ELECTRONICS, Box 25647, Tempe 
AZ 85285-5647. 


ARROWHEAD Making. VHS $29.95 S/H 
$3.50. Commons, Box 5012-PS, Central 
Point, OR 97502. 


DETECTION Surveillance, Debug- 

Plans, Kits, Assembled Devices. Latest 
Fi Teen catalog $5. Detection Systems, 
2515 E. Thomas, &16-864A, Phoenix, Arizo- 
na 85016. 


LASERS, from $40.00 write MWK In- 
dustries, 9852 W. Katella, Suite 340PS, An- 
aheim, CA 92804, or call 714-956-8497. 


26,800 CATALOGS listed. Sources For 
Anything! $5.95 Catalogs. Box 92452X, At- 
lanta, GA 30314. 


PICKS UP A WHISPER 50 FEET AWAY 
The model WAT-50 miniature FM transmitter 
uses a 4-stage circuit NOT to be confused with 


semble kit includes all parts and instructions. 
Only $29.99 tax incl. 

Call or send MO, VISA, MC for immediate de- 
livery. Include $1.50 S&H. FREE SHIPPING 
оп orders of 2 or more. All orders shipped by 
U.S. Mail. COD add $4.00. Personal checks 
allow 21 days. 


DECOM MTS 


BEDFORD т НҮ 10507 
914-232-3878 


TELEPHONE LISTENING DEVICE 


Record telephone corversatons in your. 


Super Powerful FM TRANSMITTER 
Mary ves more powertui тал omer transmiten 
Transmis up о % mie о any FM race -Easy to 


Taxe 


NEW HE NE 
LASER TUBES $35 


Dealer Inquiries Invited. 
Free Catalog! 


MEREDITH INSTRUMENTS 
6403 N. 59th Ave. « Glendale, AZ 85301 * (602) 934-9387 
"The Source for Laser Surplus” 


е nu 
oes 8s E FAL QU S083 


PLASMA 


Build SPECTACULAR PLASMA/ 
LIGHTNING LAMP From 5 Gallon 
Water Bottle. Easily Available Parts. 
снн Detailed Plans. Send $6.95 


"BUTLER ENGINEERING 
296 Coldstream Dr. 
Berwyn, PA 19312 


START YOUR OWN SHOP 


Peter Horsley Publications 
115 Riverbirch Cres. SE Calgary AB., Canada T2C 3M1 


39,270 CATALOGS DIRECTORY guide. 
Sources for anything! $5.95: Catalogs, Box 
14107AB, Jackson, MS 39236. 


SOLAR, GREENHOUSE. AQUACUL- 
TURE AND ENERGY SAVING CATA- 
LOG: 60 pages. Order from one expert 
source. Featuring Sun-Lite * for do-it- 
qpurselfers, builders, designers. America’ 
largest energy savinj nen order house! 

nents Corpora- 


$1.00 postpaid. Solar 
tion, Бере PS. 121 Valley St, Manchester, 
NHO31 


ELECTROPLATING textbook. Electroy 
late metallice/nonmetallics. $14.95. Detail 
free. Tropic. X95E, Palm Bay, FL 
3: 5. 


CLOCK MOVEMENTS and 
КОЕ Low Prices! Yankee Ingenuity, Box 
Altus, OK 73522. 


AMAZING 


SCIENTIFIC & ELECTRONIC 
PRODUCTS 


BRAT-ANTI GRAVITY GENERATOR 
11-40 WATT BURNING CUTTING LASER. 

RUBAH! POWER PULSED DRILLING LASER. 
STCS-1 MILLION VOLT TESLA COIL 


FMVIK-3 MILE FM VOICE TRANSMITTER 
PEBIK-HAND CONTROLLED PLASMA FIRE SABER. 
Мб7К-Н! FLUX NEGATIVE ION GENERATOR. 


ASSEMBLED | KITS мал: 


'BLET0-100,000 WATT BLASTER DEFENSE WAND. . , $89.50 


EASY ORDERING PROCEDURE- TOLL FREE 1-800-221-1705 
OR 24 HRS ON 1-603-673-4730 
FAX IT TO 1-603-672-5406 


VISA, MC, CHECK, MO IN US FUNDS. INCLUDE 10% 
‘SHIPPING. ORDERS $100.00 & UP ONLY ADD $10.00. 
CATALOG $1.00 OR FREE WITH ORDER, 


INFORMATION UNLIMITED 
P.O. BOX 716, DEPT. PS8 AMHERST. NH 03031 


SURVEILLANCE 
TELEPHONE 
is а normal function 
telephone! EXCEPT it 
in monitor, 
and monitor ай 
and never be detect 
$175.00 — § month йөтину — Phone Tap Catalog 5200. 
LUSTEN ELECTRONICS. 609 Egin. Muskogee, OK 74403 
1-800-633-TAPS. 


TEACH YOURSELF to READ with a 
VIDEO! Toll free 1-800-359-RUSH. 


MICRO FM TRANSMITTERS, books on 
building wireless and remote listening de- 
vices, night vision equipment. Catalog 
$2.00. EPSILON CO, РО. Box 291513, Los 
Angeles, CA 90029. 


RADON GAS EXTRACTION SYS- 
TEM Complete System and Installation In- 
structions. $750.00. P.O. Box 541 - Liberty, 
MO 64068 (816) 781-7755. 


200 SUPPRESSED/DORMANT IN- 
VENTIONS! RARE INFORMATION 
DATABASE CATALOG! $2. REXCO, Box 
19250, Jean NV 89019. 


CONVERTIBLE dome, pool lij 
chure $1.00. pools, Bridge Stn, 
Niagara Falls, NY 14305. 


BURGLARY ALARMS. How to guide on 
installation of home security systems. Step 
by step instructions on materials, tools 
needed and installation for the novice or 
expert. by licensed alarm contrac- 
tor EMIT Security Systems, 5863 Cliffside, 
Troy, М1 48098. $4.95 plus $1.00 postage. 

BURN THROUGH METAL, VAPOR- 
IZE WOOD OR PLASTIC Build your own 
Lazer 6 plans included. Send $16.95 to: 


LIGHT DYNAMICS, P.O. Box 3626, Pine- 
dale, CA 93650. 


t, bro- 
х 543, 
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DO IT YOURSELF (con't) 


DENTURE WEARERS SSAVES: Tired 
of paying $100 - $200 for relines, repair 
charges? With my DENTAL KIT and easy to 
follow instructions, I'll show you how to do 
your own relines, repaires, even replace bro- 
ken teeth. Send $39.95 plus $5.00 sh to: 
U.FIX. DENT, Suite 101 10075 S. Fed Hwy. 
Port St. Lucie, FL 34952. 


FREE LIST "How To" Booklets. Send 
sase. Bila, PO. Box 1153, Yountville, CA 
94599. 


AIR SOLAR HEATING. Build Yourself 
Plans $5.00. Auto Review, P.O. Box 510, 
Florissant, MO 63032. 


CLOCK movements, components, plans, 
еро, foil and art prints, door harp supplies, 

aker touch tones, Bible clocks, vid- 
eos, transfer art, stencil т 1200 items! 
Wholesale catalog $3.00 (credited) Steebar, 
РО. Box 463-5, Andover, NJ 07821-0463. 


HEARING AIDS 


HUGE SAVINGS, Eliminate dealer 
markup. Free Trial. Batteries wholesale. 
Terms Arranged. Lloyds-PSC, Rockford, IL 
61104. Call 1-800-323-1212 Toll Free. 


MAKE WOODEN TOYS, whirligigs, 
door harps, dollhouses, clocks, music boxes, 
weather instruments, crafts, furniture with 
gar plans, рель, Eis. элын» Catalog 
$1.00—1614) 484-4363—Cherry Toys, 
Belmont, Ohio 43718-0369. 


NEW! BUILD AMAZING LIQUID PIS- 
TON ENGINE from pipe fittings Easy 
Plans. Free information. ABCO, Во; 

Seminary, MS 39479. 


SIGNS, We sell ready to use custom 
lettering and sign patterns. $3.50 brochure. 
602-252-1511. Box 80381, Phoenix, AZ 
85034. 


80 PAGE CATALOG ON ALL TYPES 
OF CUTTING TOOLS. SEND $6.50. 
QST, 1350 OLD FOREST RD., COR- 
YDON, IN 47112. 


PLAY By Ear, Piano Harmonous Chord 
Chart, Any Key, Major, Minor. Send $15.99. 
Willow Music, 2473-240 St., Langley B.C. 
Canada УЗА 7B9. 


SOLAR POOL HEATING SYSTEMS! 
Direct from manufacturer. Install it your- 
self! Call 1-800-2 57 Ext. 100. 


CRYSTAL CHANDELIERS Save 70% 
Plans, Catalogue $4.95 (Refundable). Chan- 
deliers, Box 95042, Atlanta, GA 30347. 


BUILDING A GARAGE? Unique con- 
crete floor heating system, Plans $25.00 
©З. CRETE-HEAT. 662 Dudley, Winnipeg, 
Manitoba R3M1R8 Canada. 


FLAT ROOFS-SAVE 7096. Any Syre, 
Easy, safe, foolproof method. Proven 2 
Troublefree. Details: ROOFS, Box 805P 
Cherryville, PA 1 


BUILD YOUR OWN HOME FOR UN- 
DER $12,000, Complete instructional 
plans, Material list, Exterior, Interior, 

lumbing, Heating, Electric, plus Deluxe 
nd $19.95 plus $2.00 sh, 
Longmont, CO 80501 


BUGGED? WIRETAPPED? Find out 
Countermeasures equipment catalog 
$1.00. Capri, Box 5895, Bayfield, CO 81122. 


HOMEBREWING IS EASY! BEGIN- 
NERS Guide to FREE Information. Only 
$4.95 - Satisfaction Guaranteed! Order To- 
day! Brewing Information, Box 1443, Mid- 
land, MI 48640. 


$500.00 FROM ONE SACK CEMENT! 
Free picture proof Box 1092-PS, 
Hesperia, CA 9234 
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optional plans 
Plans, Box 2 


Newspaper Signal Kit 
Tully pears 


Flag Goes Up Automatically When 
Newspaper Arrives. Fits All Tubes. 
Send $6.95 To: 
BKL 
4240 East River Rd. 
Dayton, Ohio 45439 


SHEDS, GARAGES, Build with free 
wood pallets and vinyl siding, Easy plans 
95. McCombs Construction, Rt. 3, Box 
i60, Pekin, IN 47165, 


CREATE BEAUTIFUL TEXTURED 
CEILINGS. At Low Cost, Send $5.00 For 
Information To: DJC Enterprises Of Roches- 
Det 5, P.O. Box 5833, Rochester, MN 
55 


ASSORTED VENEERS Ten [mom 
Feet $10.00 Plus $1.75 S&H. Veneers Un- 
limited, Box 499, Advance, NC 27006. Price 
List $1.00 (Refunded With First Order). 


CBRADIOS 


POLICE—FIRE SCANNERS, CB'S 
MARINE 2-WAY, 
BOX 19224PS, DENVER, CO 80219. 


DOGS 


А science engineering breakthrough! A set of unique 
dog-sound makers that condition dogs incredibly 
fast. Small. Used from the palm of the hand. Near 
hypnotic control, even at а distance. No leash 
needed. Novices become experts. T! 
discovery is а learning-sound catalyst that teaches 
direct to the dog's mind. Renders bodily paintraining 
obsolete. Safer. Kind. Yet, more powerful! Dogs 
simply don't fight it. Tunes dogs in, makes them want 
to please you. Unequaled loyaliy-bonding. Same 
instruments and system (the Dr. Miller patents) 
dispensed by veterinalians for dog behavior. Now. 
thousands of satisfied users in U.S. & foreign lands. 


From $25 to $175 Z% 


DO YOUR DRAWERS STICK? Fix 
them with self - adhering nearly transpar- 
ent high quality polyethylene tape. Installs 

juickly on wood drawers, 2” wide $1.50 per 
foot, $9.00 minimum does two 18” deep 
MH Engineers, PO Box 74083. 
pids, LÀ 52407-4083. 


HOME CRAFTSMAN 


"GETTING STARTED WITH 
PIPE FURNITURE.” CASUAL. Box 208-P. 
‘Tewksbury, MA 01876. 


catalog 

DOG-MASTER SYSTEMS 

440 Wilshire, Вох 1250, Agoura Hills. CA 91301 
A Division of Environmental R ‘Copyright * 


FOR THE HOME 


ШҮ CARPET & VINYL DIRECT. 
Savings to 80". Name brands. Shipped Di- 
rect. FREE QUOTES SAMPLES. JOHN- 
SON'S CARPETS. Dalton, СА 30720. 1 
(800) 235-1079: Georgia (404) 27' 5. 


SIMPLE, COST SAVII TECH- 
NIQUES TO GREATLY INCREASE 
YOUR HOME VALUE AND BEAUTY! 
$4.00. Bauer-S, 8 Mela, Rancho Palos Ver- 
des, CA 90274. 

BREATHE EASIER wetdry converted to 
water filter vacuum cleans air as you clean 
house. Conversion kit: $24.95. Converted 
vacuum: $99.95, shipping and handling in- 
luded. OMF. Ine. РО. Box 33, Bixby. OK 
74008. 


ANTENNAS, HPR,. 


ENJOY HEARING 


All-in-the ear Hearing Aid! 
Nothing over, under or behind 
the ear. . . no cords, tubes ог 
wires. Simple slip-in fit. Full 
range volume control. 45 d. 
tial. NO salesman will call. 
Order your free ca! | Write 
Rhodes Hearing today! 


or call 24 hrs./ day 


1-800-453-4905 


RHODES HEARING 
Dept. 12D Brookport, IL 62910 


I SUPER SAVINGS! Newest. Finest. All 


to HALF! 


types. Buy DIRECT & save u 
TRG salesmen. Sod оп HOME 


by AIR МА! 
1 TRIAL FREE Catalog. Write: 


1 MONEYSAVERS. 


9530 Langdon Ave., 
Sepulveda, Cal. 91343 


MISCELLANEOUS 


1BM Assembly Language $5 Book $15. 
Zipfast, Вох 12238, Lexington, KY 


SUBWOOFER Plans: Economical, 
Thunderous! $10.95. Wallshaker, Box 
101557, Anchorage, AK 99510. 


SLOT MACHINES all t 
1545 Rt. 37 West Unit 14, 
08755, Call 201-286-2390. 


PLANS For SOLAR TRACKING 
TN $12.00. Michael Rubenstein, Р.О. 
Box 1174, Wainscott NY 1197! 


OUTBOARD HYDROFOIL From Scrap 
in less than an hour. Send $5.00 to: Plans, Rt. 
2, Box 134A, Baldwin, KS 66006 WORKS 
GREAT! 


FISH CULTIVATION using recirculat- 
ing system—Introductory Booklet $1000 
P.O. Box 31241, Independence, OH 44131 


SUAM HA COMBO-TOOL 


s. EG.TE., 
ms River, NJ 


fasonte tool among bubhyists 
Anyone who sees at will want 
Nichel Plated-— Will Not Rust, 
Will Not Break 
Ай tr reer fi tie 


STOP ROACHES. Palmetto Bugs, 
ral Way. Reduces danger to children & pets. 
Send SASE & $2.00, The Mailroom, 500 N. 
Dual Highway, Suite 21Р. Seaford, DE 
19973 


томе to 200! ТУ, Radio, Y 
серо Build о 20 ТУ. Паво, T 
and Price List; Send $29.95 and ваз 
Communications ^ ran Inc., Р.О. Box 1 
Chandler, AZ 85244. 


PUBLISH, RECEIVE hobby Jour 
Join American Amateur Associa 
Free details. AAPA, 404S Erie, Tampa 
33606. 


STOP THROWING MONEY а\ 
cle Home Glass. Cans, plastic for prof 
a recycle station yourself from wood 
basic hardware complete prints $10.95 
to: Recycle Center, Р.О. Box 15189, Lar 
MI 48901-5189. 


MILLIONAIRE'S SECRETS of Se 
Information by mail. Send $5.00 for « 
Gie Westside P-1, 9800 Silver 

juite 105, Вох 1790, Silverdale, 


d 


NEW Canadian Metal Dollar Gold C 
Collector Item. 5 for $10.00. Tronstad 
Evechee, Rimouski, PQ Canada G5L 1 


AMAZING BOOKLET tells hov 
SAVE HUNDREDS on utility bills. 
back FIVE FOLD first month. $8.00. D 
Enterprises, Box 2513, South Bend 
46680. 


MAGNETIC LOCK Total! 
Lock Without Keyhole. О; 
ic Key. $9.95. Viram, 6536 
CA 90630 


(WOODEN GARDEN ORNAMEN 
Bird and Flower Lovers, Plans $3.00 | 
Box 887, Altoona, PA 16603. 


GARDENING 


HOME SURVIVAL SYSTEM 
FRESH Vegetables. Vertical Garden М 
of PVC, Mounts on Any Fence or Wall. С 
Food in v2 Time. Plans $24.95 UN 
aranteed. QUANTUM TECHN( 
GY'S, 1690 Rhode Island Circle, © 
Mesa, California 92626. 


GREENHOUSES.—Redwood/Fiber; 
Kits. Hobby/Commercial sizes. FRE] 
chure. Gt IC ARCH GREENHOU: 
BOX 1564-PS MOBILE, AL. 36633. (1/ 
628-4974) 


Picky 
ith Mag 
Jaluit, Cyp 


GOODEATING 


ROLES - 101 
for working families. $4.00. Rob-Royce, 
N. Hwy 90, Suite 1014, Sierra Vista| 
85635. 


"EEOOWW!! NOW THAT'S THE 
TASTING SALSA I'VE EVER 
Unique recipe only $3.00 to: Infotec, 
345, 6022, LKWD, CA 90714. 


PEPSI LITE CAKE RECIPÉ Send $ 
and Stamped Addressed Envelope to: 
Bown, 141 McKinley, St. Charles, 
50240. 

FESTIVE MEDALLION 
Recipes: Snow Ring, Apricot Nut. 
$5.00. Kitchens, 724 Elm Grove Rd., 
Grove, W153122, 


GOVERNMENT SURPLUS 


DRUG RAID SEIZURES! Buy 
cheap. Cars, houses, boats, computers, fi 
ture, Free Details: Seizures: Box 4 


AUCTION Bidders’ Directory, $ 


Hansford Enterprises, Box 20593, 
OK 73156-0593. 


AUTHENTIC PRESIDENTIAL 
SOUVENIRS! White House, Berlin 
Collectibles. LIMITED OFFER! 1 
Lockwood Drive, Suite #112, Silver Sj 
MD 20904. 


NARCOTICS SEIZURES... Au 
Boats... Computers... Stereos .. tho 
more! BUY DIRECT FROM СОМ! 
MENT! "Nationwide Directory” $3.00. 
Вох 19107-FD, Washington, 


kla! 


ро: 
20036. 
HAIR CARE 


MEN'S Hairpieces— Free Catal 
2415 Main # 209-PS, Stratford, С' 


124 | POPULARSCIENCE APRIL 1990 


HOBBIES & COLLECTION 


ILITARY Medals Catalogue $1.00. 
rly subscription $8.00. S. Vernon, Box 
ys; Wildomar, CA 92395. 


ADIO Controlled Airplanes and Boats. 
ilog $2.00. Aeromarine, Р.О. Box 282, 
iton TN 38383. 


HOVERCRAFT 


OVERCRAFT Plans, Parts, Catalog 
0. Universal Hovercraft, Box 281, Cor- 


BARTLETT FLYING SAUCER 
'RA-LIGHT Hovercraft Featured In Doc- 
ntary Film, "Force Beyond” Powered By 
inar Lawn, Mower Engine, Complete 

Sources and Photo Review 
00 (24 Hour Return) Send To: Herb 
Чен, PO. Box 156-5, Silverdale, WA 


DVERCRAFT Plans, 3 to 160 Hp. Infor- 
ion $5.00 (refundable). Sevtec, Box 846, 
woe, WA 98272 


HYPNOTISM 


Hypnotism, Self-Hypnosis, Slee 
Ting Catalog Drawer ШТ Ruidoso, 


INVENTIONS WANTED 


NEW IDEA? Call National Idea Center 
Washington D.C. free info— 

0-247- Ext. 117. Come see The In- 
ion Store!! 


E INVEST in marketable new ideas. 
fst to inventor. Concept Funding (301) 


iS, Inventions, new products wanted! 
tation to industrylexhibition at na- 
1 innovation exposition. 1-800-288- 
ISC-PS, 903 Liberty, Pittsburgh, PA 


|VENTORS: If you have an invention 
jale or license, write for free booklet 


ining how we can help you. Kessler 


| Corporation, C-7-IW, Fremont, Ohio 


JEWELRY 
[озот Jewelry. 66e dozen (Catalog 


Roussels, 107-1 Dow, Arlington, 
174-7199, 


JOKES & NOVELTIES 


EE Catalog! Things you never knew 

!! 1600 Novelties, Jokes, Science, Hob- 

Surprises, Johnson-Smith, F.03, Bra- 
34206-5500. 


HELP WANTED 


(тн MONEY Reading books! $30,000/ 
come potential. Détails, (1) 805- 
p000 Ext. Y-20025. 

То $339.00 Per Week Assem- 


m. 0 
lucts At Home. Amazing Re- 
[TMe d Message Reveals Details. Call "Базу 


LOANS BY MAIL 


SH 24-48 Hours! Fast Approval! All 
of loans, Car, Home, Business, Holi- 
Ecc 210 Fifth Ave., Dept. 1102, NY, 


IRROW $50,000 “FAST”. 
anteed. Capital, Box 561459 РЗ, Char. 


(DIATE Loans to deserving indi 

fused cineuhere. Many plato includ 
us! Associates P3, Box 9008, Bald- 
11510-9008. 


ROW BY MAIL Get $500-$75,000 
ly. Nearly everyone qualifies! Request 
SEU MJS Industry, Box 531, 
k, NY 10461-0531. 


RROW any amount! Get Visa/ 
аг! Instant reply! Sunrise, Box 42- 
page, NY 11714-0042/516) 349-1649 


|RROW $500-$40,000! “Overnight” 
ature. Keep Indefinitely! Action, 
pos Y, Diamond Ваг. CA 91765. 


SE BAD CREDIT! Learn how now! 
GUARANTEED! FREE details 
170-8480. 


BORROW $60,000 
pose! Keep indefinite te: 
n, Box 1693-SP, Safety Harbor, FL 
34695. 


VISA MASTERCARD! Despite Past 
Credit Experience! Apply Toll-Free: 
1-800-888-8851, Extension 26. Issuer New 
Era Bank, Somerset, NJ. 


BORROW “On Signa- 
ture”! Any Purpose! 97% Eligible! Free Ap- 
plication: National, Box 7627-K, Long 


BORROW $500-$100,000! “Immedi: 
On signature. KEEP FOREVER! C) 
(2J), Box 1621, Spring, TX 77383 


FREE MONEY! $300,000,000 GIVEA- 
WAY. ee уси Details $1.00 72, PS40, 


Seminole, FL 

ARAB BUSINESSMEN have mor 
buy invest, Top finders fees paid. IMEA. 
0490/PS1. Box 3574. Newport Be Beach. CA 
92663. (714) 722-9260. 


nancial benefits! Free valuable ыи 
МАСС PS-4 Box 5399, Torrance, CA 90503. 


CASM [odere $500 - $100,000 On 
Signature. "Overnight" 98% Eligible! Fast 
Approval! (713-621-2204) 


CASH GRANTS AVAILABLE from 
foundations! Never Repay! 401 sources/ 
applications instructions — $3.00. 

ndsearch, Box 19107-FD, Washington DC 


UNSECURED LOANS! 
Mastercard plus more! Fast, easy proven 


Visa/ 


hods. Any purpose. E iyback plan! 
Credit, no problem. Gali: P344 102: 
Money Express. 
OF INTEREST TO ALL 


PROSPEROUS AND SERENE. 
Study the ensi of the mother. Box 1502-P, 
Newbern, NC 28560. 


MESSIAH PROMISED LIFE TO THE 
OVERCOMER. Send for your free copy 
of “The Psychology of Purity & Chas- 
tity" to: Schizophrenic Internation- 
al, P.O. Box 50456, Ft. Worth, TX 
76105 


FIREWALKING NEWSLETTER. 
Annual subscription $10, Send to: FIRE, 
Box 17385, Twain Harte, CA 9% 


IORYTHMS Personalized Six months. 
Send $12.00, birthdate. DEW Enterprises, 
Box 2071, Bismarck, ND 58502. 


WHAT ? 1 ? Easily descramble any cable 
channel! Ex-cable employee tells secrets. 
$2.00. Dept. PSB, 802 West St., Harrison- 
MO 64701. 


'urses by mail. Send $37.50 to: 
1167 Re 53, Suite 170 Fishkill, NY 12504 


TOTAL ORGANIZATION GUARAN- 
TEED! THE GAME, Box 800, Edgartown, 
MA 02539. 


IT LOOKS IMPOSSIBLE! 


No one will believe that a cork сап 
be removed from inside an empty 
wine bottle without breaking the 


glass unti you do it right before 


their eyes! For the amazing solu- 

tion to e y Xy бае. send 
.00 to: RI lox 241292, 

Omaha, Ne Sasa: 5292. 


KITES 


rKITES 


I Free COLOR CATALOG S 

1 со from over 100 kites. 

Many unusual & innovative designs. 
ч Сай or write for your catalog today WW 
L3 Into The Wind « (303) 449-5356 I 

1408-P Pearl St., Boulder, CO юзо 
- — 

FREE KITE CATALOG. Homers d 
4871 Newport Ave., San Diego, CA 92107. 

MAGIC TRICKS/PUZZLES ETC. 


FREE Catalog. Tricks, Puzzles, Jokes. 
Winklers Wonders. Dept. PS4-90, Oakdale, 
CT 06370. 


REALESTATE 
*BUILD YOUR DREAM IN COLORA- 


Down Easy 
day 1-800-383-0585. Patten Land of Colora- 
do Corp. 


CALIFORNIA. Acreage. Lots. $40 down 
$40 monthly. 4602 Ethel Ave., Sherman 
Oaks, CA 91423. 


MONTANA LAND BARGAINS: 20 Acre 
mountain parcels starting at $12,900. Call 
NOW for FREE information. 1-800-252- 
LAND. Yellowstone Basin Properties. 


NORTHERN IDAHO. 5-10-20 ACRES. 
Beautiful Northwest forest and lake coun- 
try. Hunting. бөй кн тае 


ment. ls. 
FREE brochure. H TONAL A САА 
ATED PROPERTIES, 1111-PC Sherman, 


Coeur d'Alene, ID 83814. (208) 664-8161. 


GOVERNMENT HOMES from $1 (U re- 


pair. Delinquent tax property. Reposses- 
Sions. Call 808-687-6000 Ext. GH-20025 for 


current repo list. 


MONTANA 


Trees. Creeks and Wildlife, 20 
(and up). 
$7.450. 


е to Yellowst 
зу Owner Financing. Guaranteed Ac- 
cess, Warranty Deed, Insured Title. Free Brochure. 
Rocky Mountain Timberlands 
333 Haggerty Lane @ Dept. PS, P.O. Box 1153 
Bozeman, MT 59771-1153 ө (406) 586-8088 
35-6484 


Call Toll Free: 1-800-7 


SAVE MONEY! Make Dozens of Useful 
Items COST FREE! Fishing Equipment, 


Toys Gardening Aids; Made From 
You throw Out Day. Amazing эзы 
let! $6.00, Makaron, Box 19016, Las Vegas, 
NV 89132. 


FLORIDA'S WEST COAST. Lots $4,000 
зр Мар Brochure. Englewood Realty, 
1 962. 


CLAIM ACRES of Valuable CALIFOR- 
NIA GOV'T LAND For Only $100/YR. 
Information $5.00. Land, Box 160602, Cu- 
pertino CA 95016-0602. 


VIDEO EQUIPMENT 


MICROWAVE TV RECEIVERS 
19 to 27 GHz 


paci Dish System -$77.95 
TA 


H sien 
12 CH Yap (Roc) System - $2396. 


3009059 System 518190 Үарззю 


фонни ик Sena Bt r 


RENTAL MOVI STABILIZER. 
Connect between VCRs or to monitor. 
$69.95. 1-800-367-7909. 


DIGITAL VIDEO STABILIZER 
REMOVES VIDEO COPYGUARDS 


DIGITAL VIDEO STABILIZER COMPLETELY 
ELIMINATES ALL COPY PROTECTIONS AND 
JAMMING SIGNALS AND BRINGS YOU 
(CRYSTAL CLEAR PICTURES. 


WARNING 


THE DIGITAL VIDEO STABILIZER IS IN- 
TENDED FOR PRIVATE HOME USE ONLY. IT 


Easy to use and a snap to install 

The best and most exciting video stabi- 
lizer in the market 

100% automatic 

Works on all VCRs & TVs 

Similar units sold elsewhere for $99 
Light weight & compact. 
UNCONDITIONAL 30 days money back 
9 


juarantee 
‘ast UPS Del = 
1-800-445-9285 « 516-568-9850 
$49.95 ea + $4.00 tor pan 
Visa, MF: 9-6 


‘SCO Electronics Inc. Dept. САУ 
581 W. Merrick Rd. Valley Stream, N.Y. 11580 


REPOSSESSED homes from Gov't from 
$1.00 plus repairs/taxes. Nationwide! Also 
tax properties. 216-453-3000, Est. H8231. 
Ss ——— 


SATELLITE TV 
FREE ср 36 . Major Brands. 
is -Since 1977. (800) 


Nobody unde: 
222-9064. 


“INSTALL OR UPDATE YOURSELF! 


VIDEOCIPHER Decoders, Catalog $4.00. 
Skyvatch-PS, 238 Davenport, Toronto, Can- 
ada M5R 1) 


- SATELLITE TELEVISION DE- 
SCRAMBLERS Complete Detailed Plans 
For Home Construction By Anyone. $5.00. 
Jansen Electronics, Р.О. Box 25161, Seattle, 
WA 98125 


FREE! SPACE & SCIENCE VIDEOS 
CATALOG. Write: Space Flight Production, 
Ж Brawley Ave., Toronto Ontario Canada 


TOOLS & MACHINERY 


"d LATHES 
STARTING AT $920 


(1000's of stens) 
513-322-8502 


CAMPBELL TOOLS COMPANY 
2100P Seime Rosd, Springtleld, Ohio 48508 


LATHES — MILLING MACHINES 
MACHINE SHOP. SUPPLIES — TOOLS 


Вох 536-PS Hurricane, WV 25526 304-562-3538 
Unimat + Compact + Maximas © Myford + Sherline Atlas + Jet 
REPRESENTATIVES OF MANY MANUFACTURERS 


Toll Free Number For Orders 


BOLTS, SCREWS, TOOLS, WHOLE. 
SALE, DIRECT. Guangnieed. Catalog 
$1.00 (refundable). Camelot, Dept. 33, 

65, Bristol, Wisconsin 53104. 


4” METAL Cutting Lathe $114.25., Taig, 
15048 Proctor, Industry, CA 91746. 
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TOOLS & MACHINERY ‘Con't) 


SMALL FOUNDRY Furnace Supplies. 
Free Literature. Pyramid Products, a Dept M, 
3736 South 7th Avenue, Phoenix, AZ 85041. 


PROJECT Supplies, tools, surplus. Cata- 
log $1.00. INVENTORS HARDWARE, 
Box 8460-S, Anaheim, CA 92812. 


“SHARPENERS REPORT” Monthly 
Newsletter. Tips—Sources—Used Equip- 
ment. FREE Brochure. SKOG Compan: 
Dept, PS4, PO 22559, Minneapolis, MN 


NEW SAFETY SHIELD—Protects your 
face from harsh sprays, while working. 
Light-weight, durable. PP $10.95. Auto In- 
ternational Corporation, РО. Box 680219, 
Orlando, FL 32868-0219. Or Call 
1-407-297-9912. 


sHoP IONS: Heavy Cotton $6.95 


(extras $5.50), Leather $19.95 (extras 
$17.95), Roche, Taunton, MA 02780-0971. 


VIDEO TAPES & BOOKS 


NATURIST Videos, $2.00, Sase. PS, Box 
9296, Newark, DE 19714-9296. 


SPECIAL SERVICES 
INFORMATION On Anything. Ferguson 
Research Specialists. "615 Woodside Ave- 
nue, Woodside, NY 11377. 


STAMP COLLECTING 


U.S. Mint Set. 
Hildebrand, Box 4867, e 
95054. 


rovals. 
ага, CA 


DISCOUNT Stamps, Bequest Countries, 
Free List. ТУА, Box 197-B, Hanford, CA 


93: 


50 DIFFERENT Old U.S. Between 1861 
and 1939. $1.00. Rousch, Box 3734, Man- 
sfield, OH 44907. 


UNITED NATIONS 3 Mint Sets, 
Cornetta, POB 1509-P, Lake Placid, Florida 
33852. 


FREE! Mystery Selection With Appro 
als, Starhawk, 5023 Madison, Spokane, WA 
99205 


PENNY Stamp Approvals. Re; 
Catak hi ree 4164 52nd St. 
ego, C. 

FREE! 
thousands. 
packets, albui 


'ardless 
in Di- 


Catalog—New edition listing 
rgains on Worldwide stam] 

, and accessories. FREE 

when requesting stamps on approval. Buy 

what you like. Return balance. Jamestown 

Stamp Company, Dept E40PS, Jamestown, 
NY 14701. 


FREE! Gold Silver Stamps Approvals. 
Delor, 21127 Fleetwood, Harper Woods, MI 
4822 


FREE Worldwide Packet. Penny Approv- 
pee Qnm, Box 177DB, Pine River, WI 


205 UNSORTED stamps 25е. Worldwide. 
Lom White, Box 999-EC, Dunedin, FL. 


LIQUIDATING Tremendous Old Accu- 
mulation. Bargain List Free. Mayard, Al- 
atalo, MA 01754. 


TOBACCO, PIPES & CIGARS 


TOBACCO! Chewing—Smoking Sam- 
pler. Write, Fred Stocker Inc., Dresden, Ten- 
nessee 38225. 


TREASURE FINDERS/METAL 
DETECTORS 
FIND Old Coins, Jewelry, Gold Ми 
New Patented Revolutionary Device. Free 


Catalog. Gardiner Electronics, 3131L N 
35th Ave., Suite K, Phoenix, AZ 85017. 


BURIED TREASURE 


FT Locate from a LONG DISTANCE 
sith Ultra Sensitive DIRECTIONAL Locator 
SEND FOR 
FREE INFORMATIVE BROCHURE 
RESEARCH PRODUCTS 
вох TAMPA, FLORIDA 33688 


WINEMAKING 


WINEMAKERS-BEERMAKERS Free 
Ilustrated Catalog - Fast Service - Large 
Selection - Visa/Mastercard - (816) 254-0242 
KRAUS, Box 7850-N, Independence, Mis- 
souri 64053. 


SCIENCE & CHEMISTRY 


225 PAGES! 1988 Glassware, chem 
equipment, books, experiments, О) 
SAURS and charts! Most comprehensiv 
alog offered by anyone in this column. E 
lished 1970. $3.00US) REFUNDA 


STAY HOME and make money. Call 
213-273-8194 for 24hr. recorded message, 
Dept Mi. 


ү Work! Excellent Pay! Assemble 
Products At Home. Call 504-649-0670 Ext. 
6517. й 


FREE CATALOG! GREAT PRICES! 
FAST SERVICE! SEBASTIAN 
BREWERS SUPPLY 1-800-780-SUDS! 


WINEMAKING & HOMEBREWING 


/ERMAKERS-— Winemakers Free 
Catalog. Fast Service, Free Recipes. Cellar- 
S, Box 33525, Seattle, WA 98133. 
800-342-1871 


WATER PURIFICATION 


DRINK PUREST WATER! Home Dis- 
tributors, Discount Prices! 800-874-9028 
WATERWISE, Box 45981, Center Hill, 
33514-0459. 


ULTRAVIOLET Water Purification for 
pools, drinking water, etc. STOP ADDING 
CHEMICALS. Plans $10.00. T-Service Co., 
P.O. Box 1192, Haverhill, MA 01830. 


BURGLAR-FIRE ALARMS 
MICRODOTS 


NOW IN USE FROM 
MAINE TO HAWAI 


NOVAGOt™ засу labets д 


MOORE TOOL CO. KIT 


TOYS & GAMES 
NEW TOY IDEA? Where Do I 


934-12004612/374-3233. 
EYEGLASSES 


METAL EYEGLASS FRAMES RE- 
PAIRED. Send For Free Information. Fab- 
biano Soldering, 2542 N. Mont Clare, Chi- 
cago, IL 60635. 


PROFITABLE OCCUPATIONS 


FULLTime income worki rt-time? 
ree info. Carillon Publishing, 705 
East 12th Street, Sterling, IL 61081. 


HUNTING & FISHING 


SALT WATER Fish will jump into your 
boat! Incredible! Unbelievable! i Табет 
$1.00. Dept. PS, РОВ Wu Naples, FL 
33941 


MONEY MAKING OPPORTUNITIES 
BUMPERSTICKER PRINTER. Cheaj р 


simple, portable. Free details. Bumper, Р 
Box 22791 (LLD), Tampa, FL 33622 


MAKE PROFESSIONAL SIGNS, letter 
trucks, cars etc. 6 sizes, reusable letters, 
numbers you trace, cut on adhesive vinyle, 
stick to surface. Anyone can. We show you 
how. Professional remite gu aranteed. Vinyle 
for up to 100 signs. Pays itself 1 sign. Kit 
ts JAVINENRE, PO. ‘Box 424, Richford, УТ 
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Analytical Scientific, 11049 Bandera 


OF oun imt Antonio, TX 78250. (512) 684-7373 VI 


E CONTROL 
Why" ‘Slave For Others? Name Your Own 
Income! Grow Steadily Wealthy. GUARAN- 
TEED! Refundable $1.00 Ви» Full De- 
tails: Bay Street Group, Р.О. Box 29022, SF, 
СА 94129. 


ASSEMBLE Products At Home. EX- 
CELLENT PAY!! Easy—Guaranteed Work! 
(904) 686-3634 Ext. 6050. 


EARN $250. Per Weekend Send For 
Free Details. Chester Stivers, Route One, 
Campbellsburg, Kentucky 40011. 


EASY Way То $500 A Day. $1.00 + Self 
Envelope. Sunny Acres 
Sales, 197 E 1400 N, Chesterton IN 46304. 


“EXPERIMENTERS” LABORAT| 
CHEMICALS - GLASSWARE. Catal 
$1.50. established 1953 Hagenow Labo 
ries. 1302 Washington, Manitowoc, Wi 
віп 54220. 


FOX Scientific Laboratory Supplies 
Chemicals. $2.00. 4571 S Westmore 
Dallas, TX 75237. 


STAR ROCK- Tektite Space Mete 
$6.00. Geyer, 1501 Roosevelt, F-1, Cart 
NJ 07008. 


CHEMICAL MAGIC Amaze your fri 
with this exciting book. $8.95, Atl 
Press, P.O. Box 178, Gaithersburg, 
20877-0178. — 


Козы. irene Corr 
signed and operated rotating 
balanced force! Standard. 


(with linear bearings) or send $2.00 for 
chure. Parallel Path Technologies, P.O. 
347, Pomona CA 91766. 


OLD GOLD/JEWELRY/WANTE 


TAKE NO CHANCES, Deal with ol 
‘most reliable firm in old gold business 
tablished 1934. We buy бом, Silver, 
inum, Diamonds, Highest Cash. Free і 


EARN Money Selling Photos. Complete 
instructions $300 Reid d Ltd., POB 504, Scit 
vate, MA 02060. 


SEVEN MOST PROFITABLE home 
based businesses. Free details. FYI Publish- 
ing, 1506 South Gabriel River Circle, Sugar- 
Land, Texas 77478 


MAKE MONEY AT HOME Free Details 
Rush S.A.S.E. Equitable, Dept L3 701 
South Avenue, Staten Island, 


EXCITING Concept Generate High E 
its Make А Cleaning Product Everyone 
Uses. Formula Packaging Instructions 


$5.00. Hydrobuff, Р.О. Bo: 1493, San Di- 
ego, CÀ r^t = EE uen. Вова Industrien 29-Y East Mad 
MAILING LISTS PATCHES/DECALS/BADGE: 


NEW NAMES DAILY! IMMEDIATE 
SHIPMENT! Guaranteed Opportunity 
Seekers. Adhesive labels. 200/$8; 500/$11; 
1,000/$18; 2,000/$29; 5,000/$59 QUALITY 
5-CW, Seaford, NY 11783. 


GUARANTEED Lowest Emblem Р! 
Pins, Decals. Free Catalog/Quotes. St 
61R Jane, NY 10014. (212) 929-2293. 


PLANS, BLUEPRINTS 


LISTS, Box 130: 
VISA/MC/COD. 800-356-6392. 


FIRST ORDER 
Opportunity seekers! К rized, adhe- 
sive labels. 200/$8; 500/314; 1,000/$25; 
2.000939; 5,000/$75; 10,000%139. LIST- 
MASTERS, Box 750-WK, Wantagh, NY 
11793. Visa/MC/COD call 800-356-8664. 


NEW ACTIVE NAMES!! 
MIXED STATES! IMMEDIATE SHIP- 
MENT! Adhesive Labels — Hot Line Oppor- 
tunity Seekers, 200/$10.00; 500/$15.00 


Plai - B&S Ent. Box 21208, Р 
Rouge, LAT 70894 


PLASTICS 


CASTOLITE Liquid Plastics. Cr 
clear, colors. For casting, embedding, 
ing, fiberglassing, Ge and re] 
ing with our Mold Making ше Ca 
$2.00. CASTOLITE, re, Dept 


Shelley, ID 83274, Vies MO/AmEN. = ALS 
А b (89274 ^ ies Отаи 
ау; а к MUSICAL INSTRUMENTS 


INTERNATIONAL VIOLIN 
NY, tonewood, tools, varnishes, parts, 
sories, strings, cases, instruments, bow) 
olin, a kits. Catalog $1.00. Dept 
Belvedere Ave., Baltimore, 


MAILORDER BUYERS LISTS available 
for immediate use! Computerized in ZIP 
CODE ORDER and GU; ED DE- 

LIVERABLE. Free Details: T.C. Industries, 
РО. Box 336, Cohasset, MN 55721 


OPPORTUNITY Seekers! Immediate 
Shipment! Adhesive Labels! 100/$4; 2 
500/$14. Stead, 13428 Turlock Court, San 
Diego, CA 92129. 


SALES REPS NATIONWIDE Waiting 
To Sell Your Product Буну ras lace. 


, u li 
Castiglione, Box 40PS, Warren, MI 4i 


(313) 
FENDER STRATOCASTER and 


Bib ger Pus ES p dl 
MUSICAL INSTRUCTION 


RADIO, TELEVISION 


SECRET Scanner Frequencies: Federal, 
be etc. Free Catalog! CRB, Box 56PS, 
Commack, NY 11725. 


PLAY The Conga Drums Learn 
Merengue Rock with VHS Video. 
$39.95 М.О. to: Assistance Orientation| 


9737 N.W. 41st Suite 123, Miami, FL 34 


POPULAR SCIENCE- 
THE BENEFIT 


Each month Popular Science classified ads reach out 
to over 4.4 million readers. If you are looking to 
reach involved, inquisitive prospects, call me to 
advertise your product or service. 


Dorothy Ellis 
1-800-445-2714, (212) 779-5163 


Product information 


ADVERTISEMENT ч 


Booklets, catalogs, and folders listed below provide reliable informa- 
tion, illustrations, and specifications to help you in planning the pur- 
chase of a variety of products or services offered by these dependable 


401 Thousands of Items American Design 
Components offers a catalog full of electronic. 
and electromechanical components, plus a 
line of computer parts and peripherals. It's 
designed with the tinkerer, hobbyist, techni- 
cian, and engineer in mind. Free 


402 OutdoorStorage Literature from Arrow 
Group Industries describes the latest in out- 
door storage. Featured are steel and wood de- 
signs as well as children's playhouses. Also 
included are helpful planning, purchasing, 
and creative storage-usage tips. $1 


403 Car Maintenance A brochure from 
BASF describes its new line of Zerex car main- 
tenance products. New products include Ultra 
protector, a powerful rust and corrosion in- 
hibitor and water-pump lubricant; Ultra Sealer, 
designed to prevent cooling-system leaks; and 
Ultra Brake Fluid, formulated to provide pro- 
tection for both disc and drum brakes. Free 


404 Radar Detection А Bel-Tronics brochure 
explains Ka Band photo radar equipment. 
Some of the questions addressed: Is photo 
radar legal? Is photo radar the only type of 
equipment that can be used at Ka Band? Is 
the use of photo radar likely to increase? Free 


405 Wallpaper Stripping А detailed guide 
from Black & Decker offers step-by-step in- 
Structions on how to use its Steamworks Wall- 
paper Stripper. Steamworks is also useful in 
performing light household chores. Booklets 
on other tool lines are available. Free 


406 Insulation and Savings The “Ноте- 
owners Guide to Insulation and Energy Sav- 
ings" from Burson-Marsteller is a free 32-page 
guide to year-round energy savings and com- 
fort throughout your home. The full-color book- 
let gives instructions on where and how to 
insulate in an existing home, in a remodeling 
project, and in new home construction. It also 
explains new government insulation recom- 
mendations and helps homeowners calculate 
the proper amount of insulation. Free 


407 Personal-Computer Tips Іп its detailed 
brochure, CompuServ describes how to ob- 
tain access to America's largest information 
service. Its data banks include an encyclope- 
dia, news wires, and financial information. 
Free 


408 HobbyistCatalog Edmund Scientific's 
80-page catalog contains over 1,200 prod- 
ucts, including telescopes, magnets, weather 
instruments, high-tech toys, fiber optics, and 
ideas for science-fair projects. Free 


409 Oil Additive A brochure from Fluor- 
amics describes Tufoil, a spectacular low- 
friction and -wear oil additive. Tufoil makes 
changing your oil a patented engine treatment. 
Enjoy fast starts, smooth operation, better ac- 
celeration, and longer engine life. Free 


410 Outdoor Living А 192-page plan book 
from Home Planners showcases more than 
100 houses, each designed to make indoor- 
outdoor living a real experience. Plans include 
houses with terraces, decks, porches, balco- 
nies, courtyards, sunspaces, atriums, swim- 
ming pools, spas, and more. Construction 
blueprints are also available. $11.95 


411 Unusual Items The “Things You Never 
Knew Existed" catalog from Johnson Smith 
Co. contains over 1,800 hard-to-find novel- 
ties, hobby and sports equipment, scientific 
and electronic items, and gag gifts. Free 


412 Outdoor Clothing The spring catalog 
from L. L. Bean features active and casual 
wear, spring sports equipment, as well as fur- 
nishings for home and camp. L. L. Bean pays 
for all the postage and offers toll-free tele- 
phone services. Free 


413 Wood Finishing This edition of Min- 
wax's 30-page finishing guide contains time- 
saving tips and how-to instructions. Learn how 
to beautify and protect new wood and restore 
old wood to its original beauty. Free 


POPULAR SCIENCE Р.О. Box 1695, Riverton, N.J. 08077-7295 
Note: POPULAR SCIENCE New Jersey address is for Product information only 


Please send the items checked below. | am enclosing $1 handling charge (any 


companies. The convenient order form will save you time and post- 
age. Orders will not be processed unless accompanied by the $1 
handling fee. For your safety, please do not send cash. 


414 Drip Watering Learn more about drip 
watering with Raindrip's pamphlet for home- 
owners. Planning, installation, operation, and 
maintenance are covered in easy-to-under- 
stand terms. With each request, Raindrip will 
send a rebate coupon worth up to $6. $1 


415 Roof Windows Roto Frank's colorful 
eight-page brochure describes how Roto's 
slim-profile windows feature low-E-argon-filled 
gas and let in up to 75 percent more sun- 
light than regular roof windows, yet have an 
energy efficiency exceeding triple glazing. Free 


416 Electronic Measuring Tools А brochure 
from Sonin describes its range of Electronic 
Distance Measuring Tools. They give instant 
and accurate measurements at the push of a 
button, and are ideal for real-estate agents, 
architects, engineers, and handymen. Free 


417 Construction Products  Sparfil Interna- 
tional offers a package describing the bene- 
fits of the Sparfil Wall System. Take advan- 
tage of this unique system to reduce heating 
and cooling costs by up to 50 percent while 
creating a more comfortable environment. 
Free 


418 Towing Tips U-Haul International of- 
fers a brochure entitled "Select A Hitch 
Guide,” designed to make towing easier. The 
guide charts hitch types, hitch classes, trail- 
ers, and tow vehicles. It will help you select 
the right hitch and class, depending upon your 
vehicle and what you plan to tow. Free 


419 WoodRefinishing The color guide from 
United Gilsonite Labs offers tips on wood fin- 
ishing, refinishing, and stain effects. In ad- 
dition, it provides how-to information for all 
phases of the wood-refinishing process. Free 


420 Gas Savers U.S. Auto Tech's full-color 
catalog features innovative products designed 
to save gas, increase engine and car life, and 
maintain high-performance motoring. $1 


pom mm не m ин ии um ия ин ин n иш те m өш нш m e eu HLL. IN COUPON AND MAIL TODAY = "= mm mm ин ин aa ин ин ия ия n ка ия m m m m mg 


POPULAR SCIENCE APRIL 1990 


Please send check or money order made out to POPULAR ‘SCIENCE. 


No stamps or foreign currency. Allow 
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1 

L| 

L| 

number of items per coupon) plus amount required for priced items. Orders will not 1 AM ENCLOSING H 
be pi unless accompanied by the $1 handling fee. Do not send cash. . 1 
с 401 п 405 п 409 o 413 n 417 Stór priced tfems 1 
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Looking Back... 


Sampling a century 
APRIL 1965 
"This fall, Oldsmobile will 
introduce a front-wheel- 


AE 
25 
me 
YEARS AGO drive car known under the 


code name Holiday. It will be the first 
American-built production car with 
front-wheel drive since the Cord, which 
disappeared in 1937. It will also be 
the most radical piece of transporta- 
tion to come out of Detroit since the 
Corvair. The Holiday will be compet- 
ing with luxury “sporty” cars like the 
Thunderbird. It’s currently the num- 
ber one subject of arguments among 
car experts and buffs throughout the 
country, although Oldsmobile main- 
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V One cold morning this 


winter I stood in a big, 
YEARS MO open field at Fort 
Hoyle, Md., talking about tanks 
with Lt. Col. B.G. Chynoweth. 
Near us a long line of tanks 
Stood waiting; 600 yards away, 
where scrub and brown under- 
bush edged the field, men were 
working under a bullet-scarred 
paintless old Renault [tank], 
which, crewless, was serving as 
a moving target for its offspring. 

“Take a ride in one of the 
tanks,’ the colonel invited. "That's 
the best way to get an idea of 
what they're like.’ 

“When I lowered myself through 


APRIL 1890 
“We kept close to the 
Fuegian shore, but the 

YEARS AGO Outline of the rugged Stat- 
en-land was visible amid the clouds. 

“While entering we were saluted by 
a group of Fuegians who were perched 
on a wild point overhanging the sea; 
as we passed by, they sprang up and 
sent forth a loud and sonorous shout. 

“It was the most curious spectacle I 
ever beheld: I could not have believed 
how wide was the difference between 
savage and civilized man." 

Charles Darwin's account of his voy- 
age around the world on the H.M.S. 
-Beagle, taken from advance sheets of 
а new edition of Journal of Researches. 


tains a strictly ‘no comment’ attitude. 
“Front-drive enthusiasts say, ‘It’s 
about time Detroit admitted the ad- 
vantages of pulling a car instead of 
pushing it’ European-built front- 
drives have been popular for 
years yet tradition-minded 
insiders in Detroit are 
convinced that the Olds 
experiment will be an 
expensive flop. ‘Front- 
drive offers no real ad- 
vantages on big, U.S.- 
style cars— and it costs 
a lot more money,’ they say.” 
The car, code-named Holiday, was 
introduced as Oldsmobile’s Toronado. 


the turret port into the right-hand 
front seat, the sergeant who was driv- 
ing gave me a friendly grin. There 
wasn't any room to spare, but the 
steel walls were painted white, and 
with the driving and turret ports 
open the interior was light. 
“The sergeant manipulated 
one of his steering levers after 
the other and nudged his ele- 
ven-ton steed around sharply. 
We began to move forward, pick- 
ing up speed quickly. When we 
reached the end of the field the 
sergeant swept his tank around 
in a wide turn. Then we roared 
back up the field, turned sharply, 
and nosed into our berth at one end 
of the firing line as neatly as a sport 
roadster could have done it." 
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Ф) TOYOTA TRUCKS 


“You'll nevercatchme ^ : 
in any other truck.” _ 


For some people, only the best is good enough. And 
the "best pickup truck in America; according to Sport 
Truck magazine; is Toyota's Xtracab SR5 V6. Their 
editors also call it “the closest thing to a sports car 
with a bed" And no wonder. The responsive 30-liter 
V6 generates 150 hp and 180 ft-lbs. of torque. And new 
for 1990, a rear Anti-lock Brake System (ABS) adds even 
more performance. So don't get caught in anything 
less. And chances are, you won't get caught at all. 


Call 1-800-GO-TOYOTA if you'd like a truck brochure or 
the location of your nearest dealer. 


“Toyota, I love what you do for me.” 


-= *Sport Truck, 9/89, Get More From Life. BuckleÜp! ^ i 511 oso ууна Motor Seles, USA. inc... 
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